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I n t r o d u c t i o n 
T h e r e i s no l a r g e i n t r o d u c t o r y r e v i e w to t h i s t h e s i s a s i t 
was f e l t t h a t e a c h c h a p t e r i s , to a l a r g e e x t e n t , s e p a r a t e from 
t h e o t h e r s . Hence a s m a l l i n t r o d u c t i o n i s g i v e n to e a c h c h a p t e r . 
F u r t h e r i n f o r m a t i o n may be o b t a i n e d from t h e many e x c e l l e n t r e v i e w s 
o f s u l p h u r - n i t r o g e n c h e m i s t r y l i s t e d below ( t a b l e ( i ) ) . 
T a b l e ( i ) 
R eviews o f SN C h e m i s t r y 
Date S 4 N U SN-Hal SNO S-N 
1976 Mews 1 , 2 Roesky 
1975 3 B a n i s t e r 
1973 Emeleus H o r n 5 
1972 H e a l 8 7 G l e m s e r Ar m i t a g e 
1970 B e c k e - G o e h r i n g 1 0 
0 
G a r c i a - F e r n a n d e z 
H a i d u c 1 1 
1969 12 G l e m s e r 
1968 
1967 
H e a l 
A l l e n 17 G l e m s e r 
13 
B u r t o n 
A l l c o c k 1 5 
1966 18 B e c k e - G o e h r i n g 
19 
B e c k e - G o e h r i n g y 
1963 G m e l i n 2 0 
1959 B e c k e - G o e h r i n g 2 1 
1956 22 G o e h r i n g 
H I 




A c y c l i c Compounds 
T h e r e i s s t i l l much confusion, i n n o m e n c l a t u r e i n i n o r g a n i c 
c h e m i s t r y , f o r example, HNSO may be c a l l e d t h i o n y l i m i d e , 
t h i o n y l a m i d e , s u l p h i n y l i m i d e o r s u l p h i n y l a m i d e . However i n t h i s 
t h e s i s t h e c o n v e n t i o n s adopted i n C h e m i c a l A b s t r a c t s w i l l be used 
e x c e p t where t h e n o m e n c l a t u r e i s too l e n g t h y , t h e n t h e more manage-
a b l e t r i v i a l names w i l l be adopted ( t a b l e i i ) . 
T a b l e i i 
S I I 
S g C l g , d i s u l p h u r d i c h l o r i d e 
HONS, t h i o n i t r o u s a c i d 
S ( N H 2 ) 2 , s u l p h o x i l i c diamide 
S V I 
NH^SO^, s u l p h a m i c a c i d 
S 0 2 ( N H 2 ) 2 , sulphamide 
S 0 2 ( N H 2 ) C 1 , s u l p h a m o y l c h l o r i d e 
SOgNH, s u l p h u r y l imide 
Mixed O x i d a t i o n Number 
srv 
HNSO, t h i o n y l i mide 
S 0 C 1 2 , t h i o n y l c h l o r i d e 
HgSNH, s u l p h i l i m i n e 
S 0 ( N H 2 ) 2 , s u l p h u r o u s d i a m i d e 
S ( N H ) 2 , s u l p h u r d i i m i d e 
H ?S (o)NH, s u l p h o x i m i n e 
S ( N H ) 3 , s u l p h u r t r i i r a i d e 
SOgClg, s u l p h u r y l c h l o r i d e 
S ( M e ) 2 ( N H ) 2 , d i m e t h y l s u l p h u r 
d i i m i d e 
S ( N S 0 ) 2 , s u l p h u r b i s ( s u l p h i n y l a m i d e ) 
( N ( S C l ) 2 ) b i s ( c h l o r o t h i o ) n i t r o g e n c a t i o n 
( N ( S M e 2 ) 2 ) + , b i s ( d i m e t h y l t h i o ) n i t r o g e n c a t i o n 
C y c l i c Compounds 
Many c y c l i c s u l p h u r - n i t r o g e n compounds a r e s t i l l c a l l e d by 
t h e i r t r i v i a l names, f o r example, s u l p h a n u r l c c h l o r i d e ( S N O C l ) ^ , 
was o r i g i n a l l y proposed b e c a u s e o f i t s a n a l o g y w i t h c y a n u r i c 
23 
c h l o r i d e J and the name t e t r a s u l p h u r t e t r a n i t r i d e (S^N^) comes 
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d i r e c t l y from t h e m o l e c u l a r f o r m u l a . 
The l i m i t a t i o n s o f t r i v i a l names a r e t h a t t h e y f r e q u e n t l y 
do n o t convey 
a) t h e c y c l i c o r a c y c l i c n a t u r e o f t he compound, 
b) t h e degree o f p o l y m e r i s a t i o n o r 
c) t h e p r e s e n c e o f u n s a t u r a t e d bonds. 
I t i s p o s s i b l e to d e s c r i b e t h e s e r i n g s a c c u r a t e l y u s i n g the 
2k 
1970 s e t o f d e f i n i t i v e r u l e s e s t a b l i s h e d by I.U.P.A.C. , b u t 
t h e s e can t e n d to become un w i e l d y , f o r example, (MeNSOg)^ "would 
be c a l l e d 1,1,3,3,5,5 - h e x a o x o - 2 , k , 6 - t r i m e t h y l - c y c l o - l , 3 , 5 , 2 , h , 6 -
/ V I \ 
t r i t h i a ( 1 , 3 , 5 , S ) t r i a z i n e . T h i s s y s t e m w i l l be us e d when the r i n g 
does n o t c o n t a i n r e p e a t i n g u n i t s s i n c e i t d e s c r i b e s the m o l e c u l e s 
unambiguously, however, a s i m p l e r s y s t e m b a s e d on the one u s e d 
by H a i d u c 1 1 w i l l be u s e d whenever p o s s i b l e ( t a b l e i i i ) . 
The e n d i n g -ium i m p l i e s p o s i t i v e c h a r g e and - i d e n e g a t i v e 
c h a r g e . The terms -azene and -azane a r e used f o r u n s a t u r a t e d and 
s a t u r a t e d n i t r o g e n r e s p e c t i v e l y . 
c y c l o d i t h i a d i a z e n e 
R 2 C 2 N 2 S 
1 , 2 , 5 - c y c l o t h i a d i a z o l e 
4) 
[RCN 2S 2] 
c y c l o d i t h i a d i a z o l i u m c a t i o n 
[ S 3 N 2 1 
c y c l o t r i t h i a d i a z e n i u m c a t i o n 
[ S 3 N 2 C l ] + 
c h l o r o c y c l o t r i t h i a d i a z e n i u r a c a t i o n 
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( S N C 1 ) 3 
t r i c h l o r o c y c l o t r i t h i a t r i a z e n e 
( S N 0 C 1 ) 3 
t r i c h l o r o t r i o x o c y c l o t r i t h i a t r i a z e n e 
J 
h e x a o x o c y c l o t r i t h i a t r i a z e n i d e ( 3 - ) a n i o n 
[ S N 0 2 ] ^ " 
is 4N 3 r 
c y c l o t e t r a t h i a t r i a z e n i u m c a t i o n 
c y c l o t e t r a t h i a z e n i u m - ( 2+) c a t i o n 
6-
c y c l o t e t r a t h i a z e n e 
(SSF)k 
t e t r a f l u o r o c y c l o t e t r a t h i a t e t r a z e n e 
S ?NH 
c y c l o a z a h e p t a s u l p h a n e 
i s 5 N 5 r 
c y c l o p e n t a t h i a z e n i u r a c a t i o n 
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CHAPTER 1 
N i t r o g e n and S u l p h u r Bond A n g l e s -
S u l p h u r N i t r o g e n Bond D i s t a n c e C o r r e l a t i o n s 
(A) N i t r o g e n Bond Angle - S u l p h u r N i t r o g e n Bond D i s t a n c e C o r r e l a t i o n s . 
I n t h i s c h a p t e r the s i m p l e r e l a t i o n s h i p s between n i t r o g e n bond 
a n g l e s and s u l p h u r - n i t r o g e n bond l e n g t h s i n i n o r g a n i c and o r g a n i c 
compounds c o n t a i n i n g t w o - c o o r d i n a t e n i t r o g e n a r e d i s c u s s e d . T h i s 
work was u n d e r t a k e n b e c a u s e s u c h c o r r e l a t i o n s would p r o v i d e a means 
o f a s s e s s i n g the r e l i a b i l i t y o f X - r a y s t r u c t u r a l d a t a when l a r g e o r 
no e s t i m a t e d s t a n d a r d d e v i a t i o n s a r e p r o v i d e d . 
C o r r e l a t i o n s i n v o l v i n g v i b r a t i o n a l s p e c t r a l d a t a and s t r u c t u r a l 
p a r a m e t e r s s u c h a s bond l e n g t h s and bond a n g l e s have p r o v e d v a l u a b l e 
f o r a s s i g n i n g s t r e t c h i n g f r e q u e n c i e s and d e d u c i n g the s t r u c t u r e s o f 
s e v e r a l t y p e s o f s u l p h u r - n i t r o g e n compounds. F o r many SN s y s t e m s 
25- 27 
smooth r e l a t i o n s h i p s e x i s t between SN bond l e n g t h and bond o r d e r , 
27 
SN bond l e n g t h and f o r c e c o n s t a n t , SN bond l e n g t h and SN s t r e t c h i n g 
28 2Q w a v e l e n g t h o r f r e q u e n c y and between SN bond d i s t a n c e o r bond 
29 
o r d e r and the s u l p h u r o x i d a t i o n s t a t e . F o r compounds c o n t a i n i n g 
28 
t h e sequence NSO, t h e r e i s a l i n e a r r e l a t i o n s h i p between 0 NSO 
s and -0 NSO w h i c h i s s i m i l a r to the -j? - -0 c o r r e l a t i o n found by a s s as J 30 
R o b i n s on f o r compounds c o n t a i n i n g the SOg group. 
F o r c y c l i c s u l p h u r i m i d e s i t has been n o t e d t h a t an i n c r e a s e 
~ 29 31 / 
i n t h e number o f n i t r o g e n atoms opens out the SNS a n g l e 7 ' (and 
-~ 31\ 29 31 to a l e s s e r e x t e n t NSN ) and c o n t r a c t s n o t o n l y the SN bonds '' ^  
31 
b u t a l s o the c r o s s r i n g SS d i s t a n c e s . T h e s e changes were 
i n t e r p r e t e d i n terms o f i n c r e a s i n g bonding i n t e r a c t i o n s between 
t h e n i t r o g e n ( o r s u l p h u r ) l o n e p a i r s and the empty s u l p h u r d o r b i t a l s , 
H e c h t / R e i n h a r d t , S t e u d e l and B r a d a c z e k s i m i l a r l y r a t i o n a l i s e the 
32 
SNHS p l a n a r i t y i n S^NH, i n terms o f 3 c e n t r e i f - b o n d i n g . On the 
o t h e r hand, the X - r a y p h o t o e l e c t r o n s p e c t r a o f a l l the known c y c l i c 
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33 s u l p h u r i m i d e s Sg X ( N H ) X have been examined J and the s m a l l magnitudes 
o f the s u l p h u r a t o m i c c h a r g e s deduced from the c h e m i c a l s h i f t s , gave 
no e v i d e n c e f o r any TT i n t e r a c t i o n due to n i t r o g e n l o n e p a i r d o n a t i o n 
i n t o s u l p h u r d o r b l t a l s . P e r h a p s C-bond p o l a r i s a t i o n , due to the 
h i g h e r e l e c t r o n e g a t i v i t y o f n i t r o g e n compensates f o r t h i s T T - e l e c t r o n 
34 
d r i f t (cf. b o r a z i n e s J ) . T h i s i s a n o t h e r example o f the 
p e r e n n i a l problem o f t r y i n g to a s s e s s when d o r b i t a l s a r e l i k e l y to 
be i n v o l v e d s i g n i f i c a n t l y i n bonding i n s u l p h u r compounds. G a t h e r -
i n g t o g e t h e r the a v a i l a b l e s t r u c t u r a l d a t a on a wide v a r i e t y o f SN 
compounds a l l o w s a more d e t a i l e d e x a m i n a t i o n o f the r e l a t i o n s h i p 
between SNS bond a n g l e and mean SN bond l e n g t h . A smooth c u r v e has 
I V 
been found f o r S-N-S s p e c i e s w h i c h a p p r o x i m a t e s to a s t r a i g h t l i n e . 
S p e c i e s c o n t a i n i n g f i v e numbered r i n g s , n e g a t i v e l y c h a r g e d n i t r o g e n 
V I V I 
atoms o r S -N-S l i n k s , g i v e p o i n t s o f f the c u r v e , but l i e on a 
l i n e o f t h e i r own: p o i n t s f o r r e - e n t r a n t n i t r o g e n atoms l i e o f f b o t h 
l i n e s . M ajor c a u s e s o f t h e s e e f f e c t s a p p e a r to be changes i n h y b r i d -
i s a t i o n , bond p o l a r i s a t i o n due to the h i g h e r e l e c t r o n e g a t i v i t y o f 
n i t r o g e n , and N l o n e p a i r -S d o r b i t a l . T T bonding. I t i s shown t h a t 
I V 
f o r S-N-S s p e c i e s s t e r e o c h e m i c a l i n a c t i v i t y o f the N l o n e p a i r 
due to TT-bonding ( i . e . , l i n e a r SNS) would c o r r e s p o n d to an SN d i s -
t a n c e o f about 151 pm. V a r i a t i o n s i n SN bond d i s t a n c e s i n the 
a r o m a t i c t h i a z e n e s w i l l a l s o be d i s c u s s e d . 
TABLE 1.1 
Mean Bond D i s t a n c e s and N i t r o g e n A n g l e s 
i n S u l p h u r N i t r o g e n Compounds 
I V 
Group 1 - Non C y c l i c S-N-S Groups 
Compound Mean dg Npm T A 0 SNS R e f e r e n c e 
( N ( S M e 2 ) 2 ) ( B r ) 163.5(^.0) 110.8(2.0) 35 
M e 2 S N S 0 2 p - t o l y l 161.4(8) 113.^(5) 36 
P h 2 S N S 0 2 P - t o l y l 161.3(7) 113.4(5) 37 
( n P r ) P h S N S 0 2 p - t o l y l 161.9(7) 115.7(4) 38 
Me2SNS02 M e 160.7(9) 116.2(6) 39 
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Compound + Mean d g N pm SNS° R e f e r e n c e 
R 2 S N S 0 2 P - t o l y l 160.2(5) 116.3(M 4o 
161.0(6) 119.4(4) 4 l 
S«jN 2NS0 2F 159.5 124.3 42 
( P h 2 C N ) 2 S 3 N 2 160.1(6) x2 126.4(4) x2 43 
P h 2 S 3 N 2 159.^(5) 126.7(4) 44 
( P C 1 C 6 H U ) 2 S 3 N 2 159.8(1.7) 126.0(2.0) 45 
I I 161.1(1.8) 129.0(2.0) 45 
Group 2 - C y c l i c S-N-S Groups. 
Compound Mean pm SNS R e f e r e n c e 
( S u N 5 0 ) ( N H 4 ) 161.1(4) x2 111.2( 2) x2 46 
I I 161.9(5) 114.l( 3) 46 
I I 162.7(4) x2 114.8( 3) x2 46 
S U N 4 161.8(1. 6) 112.3( 6) 47 
I I 161.8(1. 6) 112.6( 7) 47 
I I 162.2(1. 6) 112.8( 7) 47 
it 160.6(1. 8) 113.6( 7) 47 
S^N^CuCl 162. 3(4) 113.6( 2) 48 
it 162.4(5) 113.7( 2) 48 
( S ^ N 5 ) ( n B u 4 N ) * 162 . 5(2. o ) 113.0( 1. o ) ^9 
n 162.5(2. o ) 114.0( 1. o) 49 
I I 162.0(2. o) 114.o( 1. o) 49 
n 161.5(2. o) 115.0( 1. o ) 49 
S 3 N 5 P F 2 162.2(6) 115.9( 5] 50 
I I 162.1 (9^ > x2 122 . 91 1 x2 50 
c l 4 H l 6 S 4 N 4 161.0(2 . o ) 118 . 51 [1 .3) 51 
it 163.0(3 o ) 126.4( [1 .3) 51 
( S 5 N 5 ) ( S 3 N 3 0 4 ) ( a n i o n ) 160.1(3' 121 . 91 [2y 52 
I I l 6 o . 2 ( 3 1 121.0 (2 1 52 
( S N C 1 ) 3 160.7(7 ) x2 123.01 > x2 53 
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Compound Mean d g N pm1" SNS R e f e r e n c e 
( S N C 1 ) 3 160.2(7) 124.9(4) 53 
( N S O N ( C F 3 ) 2 ) u * 159.0(1.0) x4 123.4(1.0) x4 5h 
( S N F ) 3 * 159.3(3) x3 123.2(1) x3 55 
,(SNF) U * 160.0(1.0)x4 123.9(6) x4 56 
S 3 N 3 N A g P h 3 ( i n p l a n e ) 162.3(6) 124.0(3) 57 
S 3 N 3 N P P h 3 ( i n p l a n e ) 158.0(1.U) 127.3(9) 58 
S UN^.BF 3 157.1(6) 137.3(4) 59 
it 156.9(6) 137.6(4) 59 
I I 158.4(6) 137.9(M 59 
( S 4 N 3 ) 2 ( S b C l 5 ) 157.7(9) 137.2(6) 60 
it 156.0(9) 1^7.3(7) 60 
I I 155.3(9) 147.6(7) 60 
( S 5 N 5 ) ( S 3 N 3 O u ) 158.0(3) 133.0(2) 52 
I I 157.0(3) 149.9(2) 52 
it 156.4(3) 152.1(2) 52 
( S 5 N 5 ) ( S n C l 5 O P C l 3 ) 158.4(1.4) 131.5(9) 61 
ii 155.8(1.5) 148.1(1.0) 61 
ti 156.7(1.M 15*1.0(9) 61 
Group 3 - S m a l l S t r a i n e d R i n g s . 
Compound Mean d c. T pm*" 
O N 
A 0 SNS R e f e r e n c e 
S 2 N 2 165.4(1) x2 90 . 4 (1 ) x2 41 
S 3 N 2 N S 0 2 F 160.0 117. 2 42 
11 161.1 119.1 42 
S 3 N 2 N P 3 N 3 F 5 157. 5(*0 117.6(4) 62 
ti l6o.5(*0 119. 7(*0 62 
( S 6 N 4 H S 2 ° 6 C 1 > 2 158.7(3) 119.1(2) 62 
11 158.6(3) 119 . 6(2) 62 
( S 3 N 2 ) ( A s F 6 ) 157.7(7) 119 .8 (4) 63 
11 158.7(7) 119.9(M 63 
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Compound Mean d g N pm* A o SNS R e f e r e n c e 








Group k - C y c l i c S -N-S groups. 
Compound Mean d g N pm f A ft SNS R e f e r e n c e 
( S N 0 F ) 2 ( S N 0 P h ) 158.5(1.0) 118.9(3) 65 
ti 155.5(1.0) 119.3(3) 65 
i i 15^.5(1.0) 122.5(1.0) 65' 
( S 5 N 5 ) ( S 3 N 3 0 ^ ) ( a n i o n ) 158.0(3) 119.2(2) 52 
( S N 0 C 1 ) 2 ( P N C 1 ) 2 157.8(1.3) 120.3(8) 66 
( S N 0 F ) 2 ( P N C 1 2 ) 156.8(9) 120.9(6) 67 
( S N 0 C 1 ) 3 157.0(1.0) 119.5(5) 68 
it 157.6(1.1) 120.9(6) 68 
I I 157.6(1.3) 120.9(6) 68 
Group 5 - R e - e n t r a n t N i t r o g e n Atoms. 
Compound Mean d S N pm+ A O SNS R e f e r e n c e 
( S 5 N 5 ) ( S 3 N 3 0 4 ) 155.3(3) 136.8(2) 52 
ti 15^.5(3) 139.8(2) 52 
( S 5 N 5 ) ( S n C l 5 O P C l 3 ) 155.2(1.3) 135.5(8) • 61 
I I 152.7(1.*0 1^6.1(9) 61 
Group 6 - N e g a t i v e l y Charged N i t r o g e n Atoms. 
Compound Mean d„.T pm1" SN 
A O SNS R e f e r e n c e 
( S ^ N 5)(nBu^N) 166.0(2.0) 112.0(1.0) ^9 
( S N 0 2 ) 3 A g 3 163.6(6) x3 115.0(3) x3 69 
S 3 N 3 N P P h 3 ( o u t o f p l a n e ) l 6 4 . o ( l . o ) 117.1(6) 58 
I I 163.7(1.0) 117.9(6) 58 
S 3 N 3 N A s P h 3 ( 0 u t o f p l a n e ) 165.0(5) 118.2 (4) 57 
- 1 2 -
Compound Mean 
SN 
SNS° R e f e r e n c e 
S^N^NAsPh^out o f p l a n e ) 1 6 3 . 1 ( 6 ) 1 2 0 . 1 ( 4 ) 57 
O t h e r s 
Compound Mean SNS° R e f e r e n c e 
(s«) x 1 6 5 . 0 ( 8 . 0 ) 1 1 3 . 5 ( 5 . 0 ) 70 
S ( N S O ) 2 1 6 3 . 5 x2 1 2 0 . 0 x 2 71 
( N ( S C 1 ) 2 ) ( B C 1 4 ) 1 5 3 . 5 ( 8 ) 1 4 9 . 2 ( 6 ) 72 
t A r i t h m e t i c mean o f a d j a c e n t d ^ (and mean o f the quoted e . s . d . ' s ) 
* See o r i g i n a l p a p er f o r s i g n i f i c a n c e o f quoted e r r o r s (sometimes 
n o t g i v e n f o r t he s e p a r a t e b o n d s ) . 
D a t a and D i s c u s s i o n 
Compounds c o n t a i n i n g t h e S-N-S g r o u p i n g have been s u b d i v i d e d 
i n t o s t r u c t u r a l t y p e s ( d a t a i n T a b l e l . l ) . SNS a n g l e s and mean SN 
bond d i s t a n c e s a r e g i v e n (and the mean o f t h e two e . s . d . ' s , d e s c r i b e d 
b elow a s the e . s . d . i n bond d i s t a n c e ) . The e . s . d . ' s i n bond a n g l e 
a r e quoted i n T a b l e 1.1, b u t a r e n o t r e f e r r e d to i n the d i s c u s s i o n 
b e c a u s e the g r a d i e n t s o f t h e graphs r e n d e r t h e s e e r r o r s i n s i g n i f i c a n t 
compared to t h e e r r o r s i n bond d i s t a n c e . Groups o f p o i n t s c l e a r l y 
b e l o n g e d t o g e t h e r and the common f a c t o r was t he o x i d a t i o n number o f 
the s u l p h u r atoms. T h i s s i m p l e c l a s s i f i c a t i o n can be adopted u n t i l 
new d a t a o r u n d e r s t a n d i n g f o r c e m o d i f i c a t i o n . 
/ I V Open c h a i n s t r u c t u r e s (group 1, S-N-S s p e c i e s , r e p r e s e n t e d by 
' + ' i n F i g . l . l ) a r e assumed to be u n s t r a i n e d a t n i t r o g e n . The 13 
p o i n t s l i e w i t h i n two e . s . d . ' s i n bond d i s t a n c e o f t h e b e s t s t r a i g h t 
l i n e ( f r o m a l e a s t s q u a r e s t r e a t m e n t ) : ( l ) d g N = I 7 6 . 2 - 0.128 N 
C o r r e l a t i o n c o e f f . - O . 7 I 8 9 . N i s the S-N-S bond a n g l e i n d e g r e e s 
and d g N (pra) i s the mean o f the two SN d i s t a n c e s . Many o f t h e 
/ I V 






O O U3 
in 
F i g u r e 1.1 S u l p h u r - n i t r o g e n d i s t a n c e / n i t r o g e n bond a n g l e c o r r e l a t i o n 
I V 179.8-0.158N) f o r S-N-S s p e c i e s SN 
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f o r t h i s Group ( r e p r e s e n t e d i n F i g . l by open c i r c l e s ) l i e w i t h i n 
2e.s.d's ( i n bond d i s t a n c e ) o f the p o l y n o m i a l ( d e t e r m i n e d by a 
l e a s t s q u a r e s t r e a t m e n t ) : 
(2) d S N = 174.0 - (7.76 x 10~ 2)N - (2.87 x 1 0 " 4 ) N 2 
T h i s c u r v e d e v i a t e s v e r y l i t t l e from the f o l l o w i n g b e s t s t r a i g h t 
l i n e ( d e t e r m i n e d by a l e a s t s q u a r e s t r e a t m e n t ) : 
(3) d g N = 179.8 - 0.158N C o r r e l a t i o n c o e f f i c i e n t - 0.8724 
A l l p o i n t s from Groups 1 and'2 l i e w i t h i n t h r e e e . s . d ' s ( i n bond 
d i s t a n c e ) o f t h i s l i n e (shown i n F i g . l ) e x c e p t one ( t h e u nique 
r i n g N atom i n S^N^NAsPh^ b u t the d e v i a t i o n i s o n l y 3,5 e . s . d ' s ) . 
E x t r a p o l a t i o n o f c u r v e (2) ( o r l i n e ( 3 ) ) to l i n e a r S=i?=S 
g i v e s an a n t i c i p a t e d d g _ N o f 150.9 pm ( o r 151.3 pm). T h i s compares 
w e l l w i t h the SN double bond d i s t a n c e s (150.7 pm) found i n b o t h 
7 3 42 compounds ( i ) and ( i i ) : 
N = S = N ^ ^ ^ N = S = N N 
M e „ S i / / / SiMe„ MeSi N=S=N SiMe 
N=S=N / x N=S=N' 
I I I 
25 
and the SN double bond d i s t a n c e o f 152.1 pm p r e d i c t e d by Nyburg 
from t h e bond o r d e r ( N ^ ) - bond d i s t a n c e r e l a t i o n s h i p : 
N g N = 0.429 + (6.85 x 1 0 " 2 ) d S N - (3.825 x 1 0 ~ U ) d S N 2 . 
A d i s t a n c e o f ^ 1 5 1 pm must o n l y be r e g a r d e d a s a t y p i c a l S=N 
d i s t a n c e . Even i n l i n e a r SNS c o n f i g u r a t i o n s some v a r i a t i o n i n 
dg_^ w i l l a r i s e due to changes i n a t o m i c c h a r g e d i s t r i b u t i o n s and 
i n s u l p h u r h y b r i d i s a t i o n . A s i m i l a r v a r i a t i o n i n t h e c h a r a c t e r i s t i c 
28 
SN s i n g l e bond d i s t a n c e h a s been d i s c u s s e d e a r l i e r . 
Wide v a r i a t i o n s i n n i t r o g e n bond a n g l e a r e a l s o found i n 
c y c l o p h o s p h a z e n e s ( c a . 120-160° w h i c h compares w i t h 110-155° i n 
SN compounds). I n phosphazenes t h i s i s g e n e r a l l y r a t i o n a l i s e d 7 4 
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t a k i n g i n t o a c c o u n t two s y s t e m s o f d e l o c a l i s a t i o n : i n one, the 
p a r t i c i p a t i n g o r b i t a l s a r e a n t i s y m m e t r i c to r e f l e c t i o n i n the mole-
c u l a r p l a n e (TT system) and i n the o t h e r t h e y a r e sy m m e t r i c (TT 
s y s t e m ) . I f t he X a x i s i s t a k e n to p o i n t i n t o t h e r i n g and the 
Y a x i s i s t a n g e n t i a l , t h e n t h e n i t r o g e n 2p^ and 3 d v z o r b i t a l s a r e 
o f t h e a p p r o p r i a t e symmetry f o r the TT system. F o r a Tr s y s t e m 
a s 
n i t r o g e n s and p^, o r b i t a l s and phoaphorus 3d x2 ^ d x y 3 1 1 ( 1 ^ d z 2 
a r e a l l a b l e to p a r t i c i p a t e . The n i t r o g e n l o n e p a i r s a r e i n v o l v e d 
i n t h e TT system. 
s ' 
A s i m i l a r a p p r o a c h c a n be adopted f o r s u l p h u r - n i t r o g e n compounds, 
As i l l u s t r a t e d i n Fig.1.2, t h e n i t r o g e n l o n e p a i r c a n donate i n t o t h e 
s u l p h u r d ? v2 d o r b i t a l s p r o d u c i n g ( b e c a u s e o f the x —y xy 
nodes a t s u l p h u r ) t h r e e c e n t r e i s l a n d s o f TT c h a r g e . I t i s t h e r e -
s 
f o r e l i k e l y t h a t t h e e f f e c t o f l o n e p a i r d o n a t i o n would be m o s t l y 
f e l t by the two ad.jacent SN bonds. As n i t r o g e n l o n e p a i r d o n a t i o n 
i n c r e a s e s , i t s s t e r e o c h e m i c a l a c t i v i t y d i m i n i s h e s ( s o t h a t SNS 
opens o u t ) and s t r e n g t h e n i n g o f the a d j a c e n t SN bonds a r i s e s from 
two f a c t o r s . F i r s t , t h e s u l p h u r d o r b i t a l l o b e s o v e r l a p more 




i n h y b r i d i s a t i o n a t n i t r o g e n ( i n c r e a s i n g s c h a r a c t e r sp -» sp) 
s t r e n g t h e n s b o t h t h e d and TT components. 
s 
Groups 3,4, and 6 c o n t a i n f o u r , f i v e and s i x membered r i n g s 
t h a t a r e g e n e r a l l y s t r a i n e d and t o g e t h e r f a l l on a s t r a i g h t l i n e 
( from l e a s t s q u a r e s t r e a t m e n t ) , i n w h i c h t h e n i t r o g e n a n g l e i s o n l y 
w eakly r e s p o n s i v e to changes i n SN d i s t a n c e . 
(4) d g N = 1 9 L 9 - 0.272N C o r r e l a t i o n c o e f f i c i e n t - 0.6146 
I n t h e s p e c i e s o f Group 3 ( p l a n a r o r c l o s e to p l a n a r f o u r o r f i v e 
membered r i n g s ) . i r d e l o c a l i s a t i o n l e a d s to s h o r t e r SN bonds but 
the r i n g s t r a i n imposed by the r i n g p r e v e n t s t h e n i t r o g e n a n g l e from 
e x p a n d i n g and the p o i n t s l i e many e . s . d ' s ( i n d i s t a n c e ) below the 
c u r v e o f e q u a t i o n ( 2 ) . 
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X 
( a ) 
O v e r l a p o f S u l p h u r d ? „r2 O r b i t a l w i t h N i t r o g e n Lone P a i r 
0 y y 
X 
( b ) 
O v e r l a p o f S u l p h u r d^ O r b i t a l w i t h N i t r o g e n Lone P a i r 
F i g u r e 1.2 
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Group h contains s p e c i e s with the ni t r o g e n atom adjacent to 
two 4-coordinate sulphur atoms i n the +6 o x i d a t i o n s t a t e . F o r any 
s p e c i f i c n i trogen angle the sulphur ( V l ) -nitrogen d i s t a n c e i s about 
k pm s h o r t e r than f o r s u l p h u r ( I v ) - n i t r o g e n . F u r t h e r ligands change 
the sulphur h y b r i d i s a t i o n and when s t r o n g l y e l e c t r o n e g a t i v e they 
i n c r e a s e the e f f e c t i v e p o s i t i v e charge at sulphur. T h i s strengthens 
the i o n i c and p^-d^. components of the SN bonds and i n d i r e c t l y 
a f f e c t s the a h y b r i d i s a t i o n . T h i s can be compared with the s i t u -
a t i o n i n cyclophosphazenes where c o n t r a c t i o n of r i n g bonds by h i g h l y 
7k 
e l e c t r o n e g a t i v e ligends i s w e l l e s t a b l i s h e d . However, i n Group 
k type SN s p e c i e s , the extent to which the nitrogen angle can open 
out i n response to bond c o n t r a c t i o n i s r e s t r i c t e d by r i n g s t r a i n , 
and so again the points l i e below the unstrained l i n e . 
I n Group 5» which r e f e r s to re - e n t r a n t n i t r o g e n atoms i n 
azulene-shaped S_N-+ c a t i o n s , the ni t r o g e n angle i s too small f o r 
the observed SN d i s t a n c e s . T h i s may i n d i c a t e 'non-bonded* i n plane 
SS i n t e r a c t i o n s due to d-d overlap and in-plane sulphur lone p a i r 
sulphur d o r b i t a l c overlap. The l a t t e r i s no longer p o s s i b l e i n 
the absence of re-entrant angles. Evidence f o r c r o s s - r i n g bonding 
i n v o l v i n g phosphorus o r sulphur d o r b i t a l s has a l s o been found f o r 
, . 76-82 
cyclophosphazenes, c y c l o t h i a z e n e s and ^bO^J^ 
Group 6 in c l u d e s four s p e c i e s where there appears to be good 
reasons f o r the points to l i e above l i n e s ( l ) and ( 3 ) . 
One SNS group i n (S^N^)~ and three i n (NSOg " ) ^ probably 
contain s t r a i n e d n e g a t i v e l y charged nitrogen. Negative n i t r o g e n 
leads to r e l a t i v e l y l i t t l e v bonding and hence long dg N« The s i x 
membered r i n g s are unable to accommodate the a s s o c i a t e d small SNS 
and s t r a i n ensues. 
Each of the compounds S^N/jNMPh^(M=P,As) contains two n i t r o g e n 
atoms N 2 which connect a p l a n a r d e l o c a l i s e d system and an out of 
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plane 3-coordinate sulphur atom^' ^ . Although valence bond s t r u c t -
ures can be misleading as a means of d e s c r i b i n g the bonding i n 
8 T 
d e l o c a l i s e d , and e s p e c i a l l y Hiickel, SN s p e c i e s , i t seems as i f the 
compounds S^N^NMPh^ can be described adequately using two main 
ca n o n i c a l forms of types I and I I : 
m i 
Y l i d s t r u c t u r e s of type I are expected to lead to long d Q M i n 
b l W 2 
both P and As compounds and d„ T s h o r t e r f o r the a r s e n i c compound 
b l N l 
than f o r the P compound. The negative n i t r o g e n leads to r e l a t i v e l y 
l i t t l e -rr-bonding (as d i s c u s s e d above f o r ( S^N^)~ and ( N S 0 2 ) ^ ~ ) and 
hence long d s N and d g N . An unstrained S^Ng-Sg group would need 
small angles a t nitrogen (~98°) with dg^->~l64pra and so r i n g b u c k l i n g 
occurs to help a l l e v i a t e the s t r a i n at Ng. S t r u c t u r a l data f o r both 
compounds (Table l . l ) support t h i s i n t e r p r e t a t i o n . Thus a l l four 
members of Group 6 appear to be of a s i m i l a r type, v i z . s t r a i n e d 
n e g a t i v e l y charged nitrogen. 
There are four compounds which do not come under Groups 1-5 and, 
f o r no c l e a r reasons, give points that deviate markedly from l i n e s 
( l ) and (3). These are £ ( S N ) X , S ( N S 0 ) 2 > ( N ( S C 1 ) 2 ) + and heart shaped 
( S - N - ) + . The l a s t of these s p e c i e s w i l l be d i s c u s s e d l a t e r i n t h i s 
chapter. 
The estimated standard d e v i a t i o n s f o r the e l e c t r o n d i f f r a c t i o n 
study of ^ ( S N ) X are so l a r g e that i t i s hardly s u r p r i s i n g that the 
point f o r t h i s compound d e v i a t e s so much from l i n e ( l ) . P a r r y and 
84 
Thomas i n a semi-empirical c a l c u l a t i o n of the valence e l e c t r o n 
band s t r u c t u r e reported that on attempting to evaluate the co-
o r d i n a t e s of the atomic p o s i t i o n s , the ^ (SN) s t r u c t u r a l data were 
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marginally i n c o n s i s t e n t and so, f o r t h e i r c a l c u l a t i o n s , modified 
the p ( S N ) x data ( i n f a c t , s e l e c t i n g N and d g N which gave points 
even f u r t h e r from l i n e ( l ) ) . The problem has now been resolved 
41 
by a more accurate s t r u c t u r e determination which gives a point 
almost e x a c t l y on l i n e ( l ) . 
The accuracy of the s t r u c t u r a l data f o r S ( N S 0 ) 2 i s a l s o doubt-
71 
f u l . No e.s.d. values were quoted' and the SO d i s t a n c e (137 pm) 
8 *5 
i s one of the s h o r t e s t values reported f o r any SO compound. A 
8 6 
comparable d i s t a n c e (137.1(1.3) pm) i s found i n (SO^)^ but 
sulphur ( i v ) normally shows longer d i s t a n c e s than s u l p h u r ( V l ) , e.g. 
above the value ( l 4 l . 2 ( l ) pm i n SOF^) . I n compounds X-NSO, the 
higher NSO s t r e t c h i n g frequency i s normally a s s o c i a t e d l a r g e l y with 88 —1 the SO bond . I n S(NSO) 2 t h i s occurs a t 1180 cm" and (from the 
d g o / x g o c o r r e l a t i o n f o r S"^ compounds^) t h i s corresponds to 
71 
d S Qwl45 pm, r a t h e r than 137 pm found by X-ray d i f f r a c t i o n . A 
value c l o s e to 145 pm i s t y p i c a l of X-NSO compounds ( c f . C1NS0, 
d S Q = lkk.5(h) pm 9 0 and HNSO, d g Q = l 4 5 . l ( 5 ) pm 9 1). 
L i k e S(NS0) 2, ( N ( S C l ) 2 ) ' f (see Fig.1.3) can be t r e a t e d as an 
uns t r a i n e d system. L i n e ( l ) f o r un s t r a i n e d systems c o r r e l a t e s SNS 
with d g N over the range d g N = 164-159 pm and N = 110-130°. E x t r a -
p o l a t i o n of t h i s l i n e to the region d g N = 153 pm (as i n N ( S C l ) 2 + ) 
would introduce indeterminate e r r o r s i n the estimation of angle. 
i \ IV Li n e (3) on the other hand contains a l l S-N-S s p e c i e s which 
appear to be unst r a i n e d ( o r l a r g e l y s o ) , i n c l u d i n g a l l the points 
from l i n e ( l ) . The range of t h i s l i n e ( d g N = 164-155 pm, N = 110°-1 
probably makes e x t r a p o l a t i o n to d g N = 153 pm more r e l i a b l e . Thus 
f o r ( N ( S C 1 ) 2 ) + ( d S N = 153.2(8) and 153.7(8) pm) we would expect 
an SNS angle of ~166°, which c o n t r a s t s w i t h the ni t r o g e n angle 
found (SNS = 149°). However, there may be some d i s t o r t i o n due to 
72 
l a t t i c e f o r c e s . Glemser et a l ' a l s o quote i . r . data f o r 
( N ( S C l ) 2 ) ( B C l ^ ) but the highest frequency strong absorptions 
- 2 0 -




C I C I 
Figure 1.3 
S t r u c t u r e of ( N ( S C l ) 2 ) + i n ( N ( S C 1 ) 2 ) ( B C l ^ ) ; bond d i s t a n c e s i n pm . 
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1 9 3 (1380, 13^0 and 1325 cm ) which should be due to C>SN are t y p i c a l ^ J 92 
of d- «1^5 P m- Perhaps the i . r . spectrum reported f o r 
(N(SCl) 2 ) ( z i l C l ^ ) w i th highest frequency strong absorption (1130 
cm" 1) i s more c h a r a c t e r i s t i c of ( N ( S C l ) 2 ) + ^ T h i s frequency * 9 3 ^ . o corresponds to d g N 15** pnr ^  and hence SNS of 163 from l i n e 3; 
these v a l u e s are c l o s e r to the s t r u c t u r a l data reported f o r 
( N ( S C 1 ) 2 ) ( B C 1 4 ) . 
The conclusions that can be drawn from the c o r r e l a t i o n between 
N and d g N are that the s t r u c t u r e s of S ( N S 0 ) 2 and ( N ( S C 1 ) 2 ) + and 
the v i b r a t i o n a l s p e c t r a of ( N ( S C l ) 2 ) + s a l t s deserve r e i n v e s t i g a t i o n . 
( B ) Sulphur Bond Angle - Sulphur Nitrogen Bond Distance C o r r e l a t i o n s . 
94 
As r e c e n t l y as 1971. J o l l y r i g h t l y observed that sulphur 
n i t r o g e n compounds had f r u s t r a t e d and m y s t i f i e d chemists because 
v a r i o u s s t r u c t u r e determinations had of t e n shown that s t r u c t u r e s 
p r e d i c t e d f o r these compounds were wrong. I n t h i s s e c t i o n one 
can see t h a t i t i s p o s s i b l e to r a t i o n a l i s e the shapes of a wide 
v a r i e t y of SN compounds, i n c l u d i n g c y c l i c s p e c i e s . The a v a i l a b l e 
s t r u c t u r a l data on i n o r g a n i c and organic sulphur n i t r o g e n compounds 
con t a i n i n g two-coordinate n i t r o g e n have been c o l l e c t e d and i t i s 
found t h a t when compounds'.are a l l o c a t e d to s t r u c t u r a l c l a s s e s , there 
i s f o r each c l a s s an i n v e r s e r e l a t i o n s h i p between the mean SN 
d i s t a n c e ( d g N ) and the N-5-N angle. I n d e l o c a l i s e d r i n g s the 
N-S-N angle i s found to be l a r g e l y governed by r i n g s i z e . 
I t has a l r e a d y been shown that f o r various sulphur 
nitrogen s p e c i e s there are i n v e r s e r e l a t i o n s h i p s between d g N a n d SNS, 
and so by combining the d g N/NSN and d g N/SNS equations f o r u n s t r a i n e d 
sulphur and nitrogen, p r e f e r r e d angles can be determined f o r sulphur 
ni t r o g e n d i s t a n c e s between ca. 152 and 169 pm. Using these equations 
and the b a s i c geometry of f l a t r i n g s , i t i s p o s s i b l e to r a t i o n a l i s e 
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the shapes of some known sulphur nitrogen compounds and to deduce 
probable s t r u c t u r e s of some unknown s p e c i e s . 
Data and D i s c u s s i o n 
The a v a i l a b l e X-ray data, arranged i n Tables 1.2-1.5 according 
to s t r u c t u r a l type, are a l s o presented i n F i g u r e s 1.4 and 1.5. I n 
each t a b l e sulphur bond angles and mean SN bond d i s t a n c e s are 
given (and the mean of the two e.s.d.'s i n bond d i s t a n c e , described 
below as the e.s.d. i n bond d i s t a n c e ) . R e l a t i v e l y few compounds 
are u n s t r a i n e d (Table 1.2 and Fi g . 1 .4);they are of four types, 
i ) S 1 1 , S-(iN=X) 2, i i ) S I V , sulphur di-imides S = ( N - Y ) 2 , i i i ) the 
d e l o c a l i s e d chain ( S N ) x and i v ) s u l p h u r ( V l ) di-imides R 2S=(N-Z) 2. 
Despite the v a r i a t i o n i n chemical type a l l p o i n t s l i e w i t h i n three 
e.s.d.'s of the best s t r a i g h t l i n e given by (dgjj i n pm i n a l l equa-
t i o n s ) : 
(1) d S N = 219.2 - 0.531S C o r r e l a t i o n c o e f f i c i e n t - 0.9746 
F i g . 1.5 and Table 1.3 r e f e r to poi n t s f o r a l l c y c l i c s u l p h u r ( V l ) 
compounds (except anions) and to c y c l i c sulphur di-imides; again 
there i s a v a r i e t y of s t r u c t u r a l type but a l l points (except com-
pound 8 Table 1.3, which i s the only point f o r four coordinate 
sulphur ( v i ) ) l i e w i t h i n one e.s.d. of the be s t s t r a i g h t l i n e : 
(2) d g N = 223.0 - 0.584s. C o r r e l a t i o n c o e f f i c i e n t - 0.9519 
I n Table 1.4 are r i n g s c o n t a i n i n g three coordinate sulphur ( i v ) or 
c y c l i c s u l p h u r ( V l ) anions; these points l i e on a l i n e * 
(3) d g N = 228.1 - 0.606S. C o r r e l a t i o n c o e f f i c i e n t - 0.8893 
The f i n a l s t r u c t u r a l category ( h i g h l y d e l o c a l i s e d s p e c i e s with two 




Compound Mean d g N ( p m ) ^ NSN° Reference 
1. Ph2CNSNSN-S-NCPh2 168.8(6) x2 96.8(4) x2 43 
2. (SN) 161.0(6) 106.2(4) 41 
3. S ( N - p - t o l y l ) 2 154.5(9) 117.2(4) 95 
4. S(Me) 2(NH) 2 153.6(6) 123.4(8) 96 
5. S(NSC 5H 4C1) 2 155.0(1.7) 124.0(1.0) 45 
6. s(NSNCPh 2) 2 154.6(6) 124. 2(4) 43 
7. S(NSPh) 2 152.9(5) 124.7(4) 44 





Sulphur-nitrogen d i s t a n c e / s u l p h u r bond angle c o r r e l a t i o n f o r 
u n s t r a i n e d compounds given i n Table 1.2 ( e r r o r s : - 1 e.s.d. i n d S N ) 
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Table 1.3 
C y c l i c sulphur di-imides and c y c l i c s u l p h u r ( V l ) compounds 
Compound Mean d g N (pm)~^ 
1 
A o NSN Reference 
1. (SN0C1) 3 157.3(1.1) x2 111.7(9) x2 68 
ii 157.6(1.3) 113.7(6) 68 
2. (SNOF) 2SN0Ph 157.5(1.0) 112.1(6) 65 
II 157.5(1.0) 112.9(6) 65 
n 153.5(1.0) 116.8(8) 65 
3. (SN0C1) 2PNC1 2 156.1(1.3) 114.3(7) 66 
II 155.8(1.3) 115.6(7) 66 
4. (SN0F) 2PNC1 2 155.7(9) 115.4(4) 67 
II 154.4(9) 116.0(5) 67 




N CH 2 
153.5(4) 118.5(3) 97 
7. SN 2P 4N 4F 5 153.3(3) 119.3(2) 98 
8. M e \ / - \ 
PhCHZ N—C 
155.7(2) 119.8(3) 99 
?• ( S 5 N 5 ) ( S 3 N 3 0 4 ) (anion) 153.1(3) 119.8(2) 52 
10. MeSi(NSN) 3SiMe 150.7 x3 123.2 x3 42 
11. Me 2Si(NSN) 2SiMe 2 150.7(8) x2 123.6(5)x2 ' 73 









Sulphur-nitrogen d i s t a n c e / s u l p h u r bond angle c o r r e l a t i o n f o r c y c l i c 
compounds i n Table 1.3 ( 1 e.s.d. i n d C X T) e r r o r s SN 
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Table 1.4 
Three coordinate s u l p h u r ( l V ) and c y c l i c s u l p h u r ( V l ) anions 
Compound Mean d g N (pmf NSN° 1 deference 
N = C — R 
N = C — R 
169.2(4) 97.2(2) 100 
(NH 4)(S 4N 50) 165.3(4) 104.6(2) 46 
Ph 3PNS 3N 3 165.4(1.0) 106.2(5) 58 
Ph 3AsNS 3N 3 163.6(4) 106.3(3) 57 
(nBu 4N)(S 4N 5) * 165.7(2.0) 106.3(1.0) 49 
II 163.7(2.0) 107.3(1.0) 49 
S 3 N 5 P F 2 163.6(7) 106.4(4) 50 
( A g ) 3 ( S N 0 2 ) 3 163.6(6) x3 106.1(3) x3 69 
( S 5 N 5 ) ( S 3 N 3 0 4 ) anion 163.2(3) 106.0(1) 52 
II 162.5(3) 106.5(1) 52 
(NH 4)(S 4N 50) 158.8(3) 109.1(1) 46 
( N S O N ( C F 3 ) 2 ) 4 * 159.0(l.0)x4 111.8(1.0) x4 54 
(SNF)^ * 16O.O(1.O)X4 112.0(6) x4 56 
S 3N 2NP 3N 3F 5 160.1(4) 112.0(2) 62 
S 3N 2NS0 2F 162.4 112. 4 42 
( S N F ) 3 * 159.3(3) x3 112.6(2) x3 55 
Me — J ^ C H 161.2(3) 113.2(2) 101 
(SNC1) 3 160.1(7) x2 113.6(3) x2 53 
II 161.4(7) 113.2(5) 53 
t A r i t h m e t i c mean of adjacent d ^ (and mean of the quoted e . s . d . ' s ) . 
* See o r i g i n a l paper f o r s i g n i f i c a n c e of quoted e r r o r s (sometimes not 
given f o r the separate bonds). 
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Table 1.5 
D e l o c a l i s e d r i n g s c o n t a i n i n g two-coordinate s u l p h u r ( l V ) 
Compound Ring s i z e Mean d S N(pm) Mean N§N° Ref. 
S 2 N 2 4 165.4(1) 89.6(1) 41 
H-C=N-S-N=C-H 5 162.0 98.7 102 
R-C=N-S-N=C-R 5 162.0 98.8 103 
R ' - C = N - S - N = C - R ' 5 166.0(1.0) 98.9 104 
Ph-C=N-S-N=C-H 5 163.3(4) 99.2 105 
H-C=N-S-N=C-H 5 162.8(8) 99.4(2) 106 
ti 5 163.1(3) 99.6(2) 107 
R - C = N - S - N = C - R ' 5 165.0(1.0) 99.7 1 0 4 
M 5 164.5(1.0) 99.9 1 0 4 
S 4 N 4 5 161.6(1.0) 103.7 47 
S ^ . C u C l 5 162.3(5) 104.2(2) 4 8 
( S 3 N 2 C l ) ( F e C l 4 ) 5 158.9(6) 105.8(4) 6 4 
( S 3 N 2 ) ( A s F 6 ) 5 158.0(7) 107.2(3) 63 
( S 3 N 2 ) 2 ( S 2 0 6 C 1 ) 2 5 158.7(5) 1 0 8 .0(2) 1 0 8 
S 3N 2NP 3N 3F 5 5 159.7(3) 1 0 9.7(4) 62 
(NH 4)(S^N 50) 6 161.7(4) 111.7(2) 4 6 
(nB U / +N)(S uN 5) 6 162.0(2.0) 114.0(1.0) 49 
Ph 3PNS 3N 3(planar s e c t i o n ) 6 159.0(1.2) 114.5(7) 58 
Ph 3AsNS 3N 3(planar s e c t i o n ) 6 160.4(6) 115.5(3) 57 
( S 4 N 3 ) 2 ( S b C l 5 ) 7 156.6(9) 1 1 8.8(7) 60 
ii 7 156.0(9) 120.0(7) 60 
S 4N U.BF 3 8 156.5(6) 120.8(3) 59 
( S 5 N 5 ) ( S 3 N 3 0 U ) 10 156.3(3) 124.5(2) 52 
Continued on next page. 
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T a b l e l . 5 continued 
Compound Ring s i z e Mean d^pm)"1" Mean NSN* Ref. 
( S 5 N 5 ) ( S n C l 5 O P C l 3 ) 
Sulphurs j o i i 
10 
aed to re-e 
156.5(1.5) 






( S 5 N 5 ) ( S 3 N 3 0 ^ ) 







"1" Arithmetic mean (and mean of the quoted e . s . d . ' s ) . 
I n a l l compounds (Tables L2-1.5) sulphur atoms are j o i n e d 
to two-co ordinate n i t r o g e n . Some s p e c i e s (e.g. S^NgNSOgF and 
S(NSNCPh) 2) have sulphur atoms which appear i n more than one 
Table but f o r each separate type of sulphur atom there i s only 
a small range of NSN angle and S-N d i s t a n c e . Table 1.6 (summaris-
i n g data from Tables 1.2-1.4) shows that two-coordinate sulphur, 
bond d i s t a n c e s and angles vary as expected v i z . S ^ ; dg^ «s< 167 pm, 
§ = 97°; S I V : d g N 150 - 155 pm, S = 125 - 117°. As SN bond 
order i n c r e a s e s , so does the mutual r e p u l s i o n between adjacent 
SN bonds. A s i m i l a r c o r r e l a t i o n and r a t i o n a l i s a t i o n has been 
109 
described by G i l l e s p i e and Robinson f o r S 0 2 systems. For 
sulphur ( i v ) s p e c i e s SN bonds weaken and N§N angles decrease, 
with ( i ) i n c r e a s e i n coordination number and ( i i ) decrease i n 
formal TT-bond order. I n the sulphur ( V l ) compounds (Table 1.6) 
the change i n formal SN n-bond order appears ( d e s p i t e the great 
v a r i a t i o n i n compound type) to be s u f f i c i e n t to account f o r the 
changes i n bond angles and d i s t a n c e s : ( i ) sulphur di-imides 
(formal SN tt—bond order of l ) ( i i ) s u l p h a n u r i c compounds (formal 
SN TtVbond order of §•) and ( i i i ) sulphimide s p e c i e s (formal SN 
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Table 1.6 
T y p i c a l s t r u c t u r a l parameters i n sulphur-nitrogen compounds 
Sulphur coordination number 
2 3 
to 2N to 2N to 3N 
s 1 1 167pm, 97° 
X=N-S-N=X 
s I V 150-155pm, 125-117° 
X-N=S=N-X 
i ) 169pm, 97° 
X-C=N-S(0)-N=C-X 




s £ » N 
Sulphur coordination number 
4 
to 2N to 3N 
s V I i ) 153-156pm, 125-119° 
^ N — X 
^ N — X 
i i ) 153-158pm, 117-112° 





1T-bond order of ^ ) . The bonding i n S^N^O- i s more complex 
so that i t i s not p o s s i b l e to give a meaningful estimate of 
formal *-bond order o r a d e t a i l e d r a t i o n a l i s a t i o n of d i s t a n c e s 
and angles. However, the d i s t a n c e s and angles are t y p i c a l of 4 
coordinate s u l p h u r ( V l ) . 
/ y\ VI 
I f we compare (Table 1.6) the S... compounds formed by r e p l a c i n g 
IV 
the lone p a i r on the three-coordinate S compounds by oxygen, 
we f i n d that the SN d i s t a n c e s are appreciably s h o r t e r ( c f (SNOCl)^ 
157.1(4) pm 6 8; (SNC1) 3, l60.5(7> pm 5 3). I n s e r t i n g a h i g h l y 
e l e c t r o n e g a t i v e atom i n c r e a s e s the sulphur Lewis a c i d i t y and 
hence donation by the r i n g nitrogen lone p a i r s . Further, by remov-
in g e l e c t r o n d e n s i t y from the sulphur, e l e c t r o s t a t i c c o n t r i b u t i o n s 
to the SN bonds I n c r e a s e . However, l a r g e i n c r e a s e s i n NSN are 
prevented by r i n g s t r a i n . 
F o r h i g h l y d e l o c a l i s e d s p e c i e s , ( T a b l e 1.5)as r i n g s i z e i n -
c r e a s e s (4-8 atoms), the average dg^ decreases and the angles S 
and N open out. These v a r i a t i o n s are c o n s i s t e n t with change i n 
h y b r i d i s a t i o n a t sulphur and nitrogen and i n c r e a s e d overlap 
between the n i t r o g e n lone p a i r o r b i t a l s and the empty sulphur d 
o r b i t a l s . .Larger r i n g s e.g. ( S ^ N ^ ) + r e q u i r e r e - e n t r a n t atoms to 
reduce r i n g s t r a i n . Data f o r compounds with 5 membered r i n g s 
(Table 1.5.) i n d i c a t e that d g N decreases with i n c r e a s i n g p o s i t i v e 
charge a t sulphur; t h i s c o n t r a c t i o n can be a t t r i b u t e d to i n c r e a s e d 
bond p o l a r i t y and stronger sulphur overlap provided by s t a b i l i s e d 
sulphur d - o r b i t a l s . The accuracy of the data i s i n s u f f i c i e n t to 
r e v e a l any c o n t r a c t i o n i n d g N s p e c i f i c a l l y a s s o c i a t e d with (4n + 2 
e l e c t r o n s . T h i s suggests that such a complement of x e l e c t r o n s 
helps to r a t i o n a l i s e s i m i l a r SN d i s t a n c e s and a p l a n a r o r c l o s e 
to p l a n a r geometry^"^, but i s not a s s o c i a t e d with any l a r g e 
s t a b i l i s a t i o n energy. A c o r o l l a r y of t h i s i s that a low s t r a i n 
non-planar system such as (S^NjO)" (8K) may w e l l be s t a b l e without 
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being aromatic. 
Deduction of S t r u c t u r e s f o r Minimum Strain. 
I n t h i s treatment we ignore i n t e n n o l e c u l a r and i n t e r i o n i c 
f o r c e s and assume that i n the most s t a b l e s t r u c t u r e of a molecule 
o r i o n there i s minimum s t r a i n of band d i s t a n c e s and angles so that 
i n the p r e f e r r e d s t r u c t u r e , equations 4 and 5 below are obeyed. 
Equation 4 ( w i t h 7 p o i n t s ) r e l a t e s d 0. T and S f o r the uns t r a i n e d 
NSN s p e c i e s given i n Table 1. Equations 5 and 6 r e l a t e to data 
given p r e v i o u s l y . Equation 5 (13 po i n t s ) r e l a t e s d g N and N f o r 
u n s t r a i n e d S-N-S I V s p e c i e s over the range 164-159 pm (110-130°). 
Equation 6 w i t h 63 po i n t s holds f o r a wider v a r i e t y of S-N-S 
compounds (most of which appear to be l a r g e l y u nstrained) and over 
a l a r g e r s t r u c t u r a l range (164-155 pm, 110-155°) and so f o r 
d g N < 159 pm the deductions r e l y on equations 4 and 6. 
(4) d S N = 219.2 - 0.531S 
(5) d S N = 176.2 - 0.128N 
(6) d S N = 179.8 - 0.158N 
Combining r e l a t i o n s h i p s 4 and 6, we can r e l a t e the ni t r o g e n 
angle d i r e c t l y to the sulphur angle; 
(7) N = 3.36l§ - 249.4° 
The method of p r e d i c t i o n i s i l l u s t r a t e d by c o n s i d e r i n g the 
p l a n a r s p e c i e s (S^N^)*. I n the absence of c r y s t a l l o g r a p h i c data 
on u n s t r a i n e d d e l o c a l i s e d -N-S~S- system the assumption, that the NSS 
angle can be t r e a t e d l i k e the Ni5N angle, i s made. Only then i s i t 
l e g i t i m a t e to s t a t e : -
(8) 4§ + 3N = 900° 
Combining equations 7 and 8 gives § = 117.0°, = 144.0° and 



















F i g u r e 1.6 (S..lO 
60 ( I ) X - r a y s t r u c t u r a l d a t a 
( I I ) E a c h q u o t e d v a l u e = Found ( X - r a y ) - "deduced" v a l u e 
-3k-
Fig .1 .6 shows X - r a y s t r u c t u r a l d a t a , ° ^ t o g e t h e r w i t h t h e 
d i f f e r e n c e s f r o m t h e p r e d i c t e d a n g l e s and bond l e n g t h s . The 
e x p e r i m e n t a l ( X - r a y ) a v e r a g e v a l u e s ( w i t h e . s . d . ' s i n p a r e n t h e s e s ) , 
§ = 1 1 7 . 0 ( 7 ) ° , N = lkk,0(7)° and d g N = 156.3(9) pm, show t h a t t h e 
p r e d i c t e d d a t a l i e w i t h i n t h e X - r a y e x p e r i m e n t a l e r r o r s ; a l s o 
t h e c a l c u l a t e d S - S d i s t a n c e (205.3 pm) compares w e l l w i t h t h e 
X - r a y v a l u e (206.6(^) p r a ) ^ ° . T h u s t h e s p e c i a l s t a b i l i t y o f 
( S ^ N ^ ) * c a n be a t t r i b u t e d to TT d e l o c a l i s a t i o n and an u n s t r a i n e d 
s t r u c t u r e ( o r n e a r l y s o ) . 
F o r ( S ^ N ^ ) + , t h r e e X - r a y s t u d i e s have b e e n p u b l i s h e d ; one 
s t r u c t u r e ( i ) h a s one r e - e n t r a n t n i t r o g e n atom"'""'"''" and two ( i l ) 
52 6 l 
have two r e - e n t r a n t n i t r o g e n a t o m s . ' 
N 
S \ N 
N N 
/ \ 
/ \ N N 
N N 
( D ( i i ) 
We now a t t e m p t to d e t e r m i n e w h i c h c o n f o r m a t i o n b e a r s t h e l e a s t 
s t r a i n . F o r t h i s we use e q u a t i o n h ( u n s t r a i n e d S ) and e q u a t i o n 9 
( w h i c h i s e q u a t i o n 6 f o r S - N - S s p e c i e s w i t h o u t p o i n t s f o r 
( S 5 N 5 ) + ) . 
(9) d g N = 179.8 - 0.159N C o r r e l a t i o n c o e f f i c i e n t - 0.7630 
W i t h one r e - e n t r a n t n i t r o g e n atom ( i . e . p l a n a r h e a r t s h a p e d ( S _ N , . ) + ) 
- 3 5 -
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F i g u r e 1.7 ( S ^ ) * 
( i ) X - r a y s t r u c t u r a l d a t a 1 1 1 . 
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F i g u r e 1.8 ( S ^ ) * 
( I ) X - r a y s t r u c t u r a l d a t a ^ . 
( I I ) E a c h q u o t e d v a l u e = Found ( X - r a y ) - "deduced" v a l u e . 
- 3 7 -
( 1 0 ) 5§ + fcfi + ( 3 6 0 ° - N) = lkko° 
C o m b i n i n g e q u a t i o n s k and 9 g i v e s : 
( 1 1 ) N = 3.3*«>3 - 22*7.8° 
a n d c o m b i n i n g e q u a t i o n s 10 a n d 11 g i v e s § = 1 2 1 . k ° and N = 1 5 7 . 7 ° . 
S u b s t i t u t i n g t h e s e v a l u e s i n e i t h e r e q u a t i o n k o r e q u a t i o n 9 g i v e s 
d S N = 15^.7 pm. 
F i g . 1.7 shows t h e s t r u c t u r e f o u n d by X - r a y d i f f r a c t i o n 1 1 1 
w i t h t h e d i f f e r e n c e s b e t w e e n p r e d i c t e d and e x p e r i m e n t a l bond 
l e n g t h s a n d a n g l e s . T h e X - r a y a v e r a g e v a l u e w i t h e . s . d . ' s i n 
p a r e n t h e s e s a r e S = 1 1 4 . 9 ( 7 ) ° , N = 1 5 1 . 9 ( 7 ) ° and d g N = 153 .9 (9 ) pm. 
F o r ( S ^ N ^ ) * w i t h two r e - e n t r a n t n i t r o g e n a n g l e s , 5§ + 3$) + 
( 7 2 0 ° - 2N) = lkkO°. F o l l o w i n g t h e same p r o c e d u r e a s b e f o r e , 
§ = 1 1 6 . 0 ° , N = 1 ^ 0 . 0 ° and d g N = 157.5 pm. 
F i g . 1 .8 shows t h e s t r u c t u r e f o u n d by X - r a y d i f f r a c t i o n - ^ 
w i t h t h e d i f f e r e n c e s b e t w e e n p r e d i c t e d and e x p e r i m e n t a l bond 
l e n g t K s and a n g l e s . The a v e r a g e e x p e r i m e n t a l v a l u e s w i t h e . s . d . ' s 
i n p a r e n t h e s e s a r e § = 1 1 2 . 2 ( 2 ) ° N = 1 4 2 . 4 ( 2 ) ° and d g N = 1 5 6 . 0 ( 3 ) p m . 
The d i f f e r e n c e s b e t w e e n p r e d i c t e d and X - r a y d a t a i n (S-N-)"*" 
5 5 
a r e c o n s i d e r a b l y l e s s f o r two r e - e n t r a n t a n g l e s and so t h i s a p p e a r s 
to be t h e p r e f e r r e d c o n f o r m a t i o n . I t must a l s o be n o t e d t h a t t h e 
e x p e r i m e n t a l bond l e n g t h s and a n g l e s f o r t h e h e a r t s h a p e d ( S ^ N ^ ) + 
s t r u c t u r e p r o v i d e p o i n t s t h a t a r e many e . s . d . ' s f r o m t h e u n s t r a i n e d 
l i n e s : ( T a b l e 1 . 7 ) . 
- 3 8 -
T a b l e 1.7 
D i f f e r e n c e b e t w e e n p r e d i c t e d 
and e x p e r i m e n t a l h e a r t - s h a p e d ( S ^ N , . ) * 
X - r a y S t r u c t u r e P r e d i c t e d d O X T X - r a y S t r u c t u r e P r e d i c t e d 
S ° d S N ( p m > + d S N ( p m ) N° d S N ( p m ) t d S N ( P m ) 
1 1 0 . l ( 4 ) 1 5 4 . 7 ( 8 ) 160.7 1 3 8 . 4 ( 6 ) 154 .7 (9 ) 157.8 
1 1 8 . 5 ( 5 ) 1 5 1 . 2 ( 1 . 0 ) 156 .3 1 7 7 . 1 ( 8 ) 1 5 0 . 1 ( 1 . 0 151.6 
1 1 8 . 4 ( 6 ) 1 5 0 . 1 ( 1 . 0 ) 156 .3 177 .3 (7 ) 152 .4 (1 .0 ; 151.6 
1 1 8 . 6 ( 5 ) 1 5 8 . 6 ( 1 . 0 ) 156 .2 137 .7(5) 1 5 6 . 8 ( 9 ) 157.9 
109 .4 (4 ) 1 5 5 . 0 ( 8 ) 161.1 
"1" A r i t h m e t i c mean o f a d j a c e n t d „ „ ( a n d mean o f t h e q u o t e d e . s . d . ' s ) . 
SN V 
I t i s p e r h a p s s i g n i f i c a n t t h a t bond d i s t a n c e s a n d a n g l e s ( a n d 
t h e r m a l p a r a m e t e r s f o r most a toms) c a n be s i m u l a t e d b y s u p e r -
i m p o s i n g two ( S ^ N ^ ) + a z u l e n e s h a p e s one on top o f the o t h e r 
112 
( F i g . 1 . 9 ) . I t t h e r e f o r e seems l i k e l y t h a t t h e r e i s d i s o r d e r 
o f a z u l e n e - s h a p e d ( S ^ N ^ ) + a t t h e c a t i o n s i t e s o f ( S ^ N ^ ) ( A l C l ^ ) . 
Now c o n s i d e r l i k e l y s t r u c t u r e s o f S ^ N ^ ^ + . The c a t i o n 
S^N^^ + h a s b e e n p r o p o s e d ^ 1 ' a s a new IOTT a r o m a t i c s y s t e m and 
so s h o u l d p r e f e r a p l a n a r o r c l o s e to p l a n a r c o n f o r m a t i o n , i f 
t h i s c a n be a c h i e v e d w i t h o u t undue s t r a i n . F o u r o f t h e most l i k e l y 
s t r u c t u r e s w i t h p l a n a r r i n g s a r e ( i ) no r e - e n t r a n t atoms ( i i ) 
one r e - e n t r a n t atom ( i i i ) two r e - e n t r a n t atoms a n d ( i v ) two 
f u s e d f i v e membered r i n g s w i t h common S - S ( a n 8TT s y s t e m ) . 
I f ( S ^ N ^ ) 2 * h a s no r e - e n t r a n t atom, 4S + 4-N = 1 0 8 0 ° and 
w i t h e q u a t i o n s 7 a n d 4 t h i s g i v e s "S = 1 1 9 . 1 ° , "N = 1 5 0 . 9 ° and 
SN = 1 5 6 . 0 pm ( s t r u c t u r e I I I ) . I f t h e r i n g h a s one r e - e n t r a n t 
n i t r o g e n atom, 4s + 3& + (360° - N) = 1 0 8 0 ° and i n c o m b i n a t i o n 
- 3 9 -
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Figure l . o 
+ + cations as found i n S tN c SQN^O (a) Superposition of two S N 
+ i n S r N c A1C1 (b) Thermal e l i p s o i d s f o r S N 
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w i t h e q u a t i o n 7 t h i s g i v e s J3 = 1 1 3 . 7 ° , N = 132.6° and d^ = 158.8pm. 
A s i m i l a r a p p r o a c h f o r one r e - e n t r a n t s u l p h u r atom g i v e s 3 = 1 1 1 . 2 ° , 
N = 1 2 4 . 4 ° and d = l6o.2 pm. However , t h e s t r u c t u r e s w i t h 
r e - e n t r a n t N o r S c a n n o t be drawn w i t h e q u a l bond l e n g t h s . 
U s i n g t h e same a p p r o a c h f o r two r e - e n t r a n t a t o m s , d e d u c e d 
angles a r e u n r e a l i s t i c ( < 9 0 ° ) and r e - e n t r a n t atoms a r e much 
c l o s e r t h a n v a n d e r W a a l s c o n t a c t . 
N N 
/ N N N / 
N 
N 
I I I I V 
I f S ^ N j ^ + c o n s i s t s o f two f u s e d f i v e - m e m b e r a d r i n g s ( I V ) , 
i t becomes a n 8TY r a t h e r t h a n a 10rr s y s t e m and so one c a n n o t 
assume t h a t e a c h r i n g w i l l be p l a n a r . However , a t t h e b r i d g e -
h e a d t h e two t h r e e - c o o r d i n a t e s u l p h u r ( l V ) atoms s h o u l d have 
NSN 1 1 1 ° - 1 1 4 ° ( T a b l e 5) and d g s ^ 200 pm ( S S bonds a r e 
115 
u s u a l l y 200 - 220 pm) . S u c h a s t r u c t u r e i s c o m p l e t e l y 
i m p o s s i b l e i f t h e two r i n g s a r e c o p l a n a r b u t i t c a n be drawn 
c o n s i s t e n t w i t h t h e above and w i t h mean d^ » 158-159 pm, 
mean NSN « - 1 0 5 ° - l 0 8 ° , mean SNS ^ 1 1 8 ° - 1 2 1 ° ( p a r a m e t e r s t y p i c a l 
o f p o s i t i v e l y c h a r g e d . f i v e membered r i n g s - s e e T a b l e 4 ) , i f 
the a n g l e b e t w e e n t h e p l a n e s o f t h e two r i n g s i s ~ 1 0 0 ° . Some 
b u c k l i n g o f e a c h o f t h e two r i n g s i s p o s s i b l e to e n h a n c e c r o s s -
r i n g SS i n t e r a c t i o n s ( . c f . t h e weak SS i n t e r a c t i o n a d j a c e n t to 
+ A r e - e n t r a n t N atoms i n S - N - w h i c h g i v e s s m a l l e r SNS t h a n e x -
5 5 
p e c t e d a t t h e s e p o i n t s ) ; b u t t h e b u c k l i n g s h o u l d be o n l y s l i g h t 
s i n c e i t w o u l d add f u r t h e r s t r a i n to t h e r i n g s . 
F o r t u n a t e l y s t r u c t u r a l d a t a a r e a v a i l a b l e f o r some r e l a t e d 
- 4 1 -
compounds S ^ N ^ . S b C ^ , S ^ N ^ . B F ^ * and S ^ N ^ . C u C l , The 
geometry o f t h e S^N^ gr*oup i n S ^ N ^ . C u C l d i f f e r s v e r y l i t t l e f rom 
t h a t o f f r e e S^N^ and t h e C u - N d i s t a n c e s (210 and 212 pm) a r e l o n g 
f o r N C U ( I ) ( e . g . 199 pm i n ( C u ( CB^CN) h ) ( C l O ^ ) 1 1 7 ) and so 
S ^ N ^ . C u C l a p p e a r s to be a v e r y weak complex o r a c l a t h r a t e . The 
SbN(217 pm) and BN (158 pm) d i s t a n c e s i n S ^ N ^ . S b C l ^ and S ^ N ^ . B F ^ 
r e s p e c t i v e l y a r e more c h a r a c t e r i s t i c o f n i t r o g e n b a s e a d d u c t s 
( c f . d g b N = 223 pm i n C H ^ C N S b C l ^ 1 8 and d ^ = 158 pm i n M e ^ B F , ^ 1 9 ) , 
so i t i s u s e f u l to compare ( S ^ N ^ ) 2 + w i t h S^N^* S b C l , . " and 
S ^ N ^ + B F ^ t h e l a t t e r b e i n g t h e more a c c u r a t e s t r u c t u r e d e t -
e r m i n a t i o n . I n t h e r e g i o n remote f r o m t h e t h r e e c o o r d i n a t e 
n i t r o g e n atom ( w h i c h h a s l o s t i t s c a p a c i t y f o r l o n e p a i r NS rr-
b o n d i n g ) , t h e S^N^ geometry i s c l o s e r to I I I t h a n I V . I n b o t h 
a d d u c t s , s u l p h u r atoms a r e c o p l a n a r and t h e r e a r e no c l o s e SS 
c r o s s - r i n g d i s t a n c e s . 
T a b l e 1.8 
S t r u c t u r a l p a r a m e t e r s f o r S^N f r i n g s 
B F 3 S ^ N ^ ^ + p r e d i c t i o n 
( s t r u c t u r e I I I ) 
Mean S ° ioh.5 115. 5 119.1 
Mean 9° 113.0 131. k 150.9 
Mean d S N ( p m > 161.6 159. 5 156.0 
- B F , I n T a b l e 1.8 S , N , and d g N a r e compared f o r S^N^, S^N^ + -
and o c t a g o n a l S ^ N ^ 2 + ( l I l ) . The i n c r e a s i n g p o s i t i v e c h a r g e and 
a p p r o a c h to p l a n a r i t y a r e a c c o m p a n i e d by i n c r e a s e s i n S and N and 
d e c r e a s e i n d „ „ . 
2+ We t h e r e f o r e c o n c l u d e t h a t S^N^ i s p r o b a b l y c l o s e to p l a n a r 
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F i g u r e 1 .10 
S t r u c t u r e o f r i n g i n (S^N^) ( S b F g ) ( S b ^ F ^ ) . 
S t r u c t u r e o f r i n g i n (S^N^) ( S b F g ) ( S b ^ F ^ ) . 
S t r u c t u r e o f r i n g i n ( S ^ N ^ ) ( S b C l ^ ) 2 v i e w e d down the S^ a x i s 
S atom a n d N atom d i s o r d e r ( h e n c e e q u a l bond a n g l e s ; . 
- ^ 3 -
a n g l e s i n v o l v e d m i g h t c a u s e s l i g h t b u c k l i n g o f t h e r i n g a t n i t r o g e n . 
An a l t e r n a t i v e s t r u c t u r e c o n s i s t i n g o f two f u s e d c l o s e - t o - p l a n a r 
5-membered r i n g s , and w i t h t h e a n g l e b e t w e e n p l a n e s o f the two r i n g s 
a t 1 0 0 ° , seems l e s s l i k e l y . 
A f t e r t h i s work had been s u b m i t t e d f o r p u b l i c a t i o n an X - r a y 
c r y s t a l l o g r a p h i c s t u d y was c a r r i e d o u t on t h e ( S ^ N ^ ) ^ + c a t i o n 1 ^ . 
I t was f o u n d t h a t t h e c y c l i c c a t i o n h a d d i f f e r e n t s t r u c t u r e s i n 
d i f f e r e n t m o l e c u l a r e n v i r o n m e n t s ( F i g u r e 1 . 1 0 ) . U n f o r t u n a t e l y , no 
e . s . d . ' s a r e g i v e n and s t r u c t u r e (c ) shows c o n s i d e r a b l e d i s o r d e r . 
H o w e v e r , t h e p r e d i c t e d s t r u c t u r e i s v i r t u a l l y t h e same a s 
s t r u c t u r e ( A ) and t h i s s t r u c t u r e h a s b e e n shown to be more s t a b l e 
t h a n ( B ) , f r o m CNDO/2 c a l c u l a t i o n s ( C h a p t e r 8 ) . 
T h i s method o f p r e d i c t i n g s t r u c t u r e s h a s t h u s been shown to 
be r e m a r k a b l y a c c u r a t e . 
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CHAPTER 2 
S u l p h u r N i t r o g e n and S u l p h u r Oxygen S t r e t c h i n g Wavelength-
C o r r e l a t i o n s w i t h Bond D i s t a n c e 
I n t r o d u c t i o n 
S i n c e s u l p h u r n i t r o g e n bonds c a n h a v e f o r m a l bond o r d e r s 
f r o m 1 to 3, t h e r e i s a wide r a n g e o f bond d i s t a n c e s (141-178 p m ) , 
v i b r a t i o n a l s t r e t c h i n g f r e q u e n c i e s (590-I690 c m " 1 ) and f o r c e 
c o n s t a n t s (179-1268 Nm"^), A s u r v e y o f t h e s e p a r a m e t e r s f o r 
o r g a n i c and i n o r g a n i c s u l p h u r - n i t r o g e n compounds h a s shown t h a t 
t h e r e a r e l i n e a r c o r r e l a t i o n s be tween v ( S N 0 ) and v ( S N „ ) 
a s y m v 2' synr 2' 
f o r NSN s y s t e m s , and be tween t h e s u l p h u r - n i t r o g e n s t r e t c h i n g 
w a v e l e n g t h and t h e bond d i s t a n c e f o r a c y c l i c SN compounds. The 
SN d i s t a n c e s d e r i v e d f r o m the SN s t r e t c h i n g w a v e l e n g t h a r e compared 
w i t h t h o s e p r e d i c t e d f r o m f o r c e c o n s t a n t s . A l i n e a r r e l a t i o n s h i p 
b e t w e e n t h e SO s t r e t c h i n g w a v e l e n g t h and t h e SO bond l e n g t h i s 
a l s o r e p o r t e d . U s i n g t h e s e c o r r e l a t i o n s and t h e r e l a t i o n s h i p s 
d e r i v e d i n C h a p t e r 1 b e t w e e n the n i t r o g e n and s u l p h u r a n g l e s and 
t h e SN d i s t a n c e , t h e s t r u c t u r e s o f some s u l p h u r - n i t r o g e n and 
s u l p h u r - n i t r o g e n - o x y g e n compounds a r e d e d u c e d f r o m v i b r a t i o n a l 
d a t a . 
D i s c u s s i o n 
v a s y ) ^ 2 l ^ 3 y m I S N 2 ) R e l a t i o n s h i p . 
I n s u l p h u r - n i t r o g e n c h e m i s t r y , t h e f r e q u e n c i e s o f t h e S=N 
v i b r a t i o n s o f t e n o v e r l a p and may be c o n f u s e d w i t h S=0 o r C - F bond 
v i b r a t i o n s and SN s i n g l e bond a b s o r p t i o n s o f t e n o c c u r i n t h e same 
r e g i o n a s v > g _ F » C o n s e q u e n t l y e m p i r i c a l g u i d e s c a n be o f v a l u e 
i n l o c a t i n g t h e s e v i b r a t i o n s e s p e c i a l l y i f t h e y a r e l a r g e l y a s -
s o c i a t e d w i t h p a r t i c u l a r bonds and t h e s e c a n be u s e d i n d e d u c i n g 
s t r u c t u r a l p a r a m e t e r s . 
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30 
R o b i n s o n h a s shown, f o r i n o r g a n i c and o r g a n i c s u l p h u r y l 
compounds, t h a t t h e r e i s a l i n e a r c o r r e l a t i o n be tween t h e 
s y m m e t r i c and a s y m m e t r i c ^ S 0 2 s t r e t c h i n g f r e q u e n c i e s b e c a u s e t h e 
/ SOg s t r e t c h i n g v i b r a t i o n s were f o u n d to be e s s e n t i a l l y f r e e 
30 
f r o m mass and c o u p l i n g e f f e c t s . I t h a s b e e n shown t h a t t h e r e 
i s a l i n e a r r e l a t i o n s h i p be tween s y m m e t r i c and a s y m m e t r i c -NSO 
28 
s t r e t c h i n g f r e q u e n c i e s a l t h o u g h t h e c o r r e l a t i o n i s n o t a s good a s 
f o r t h e ^ S 0 2 g r o u p s . A v a r i e t y o f S ^ . S " 1 ^ and S 1 1 d i - i m i d e s g i v e 
r i s e to s y m m e t r i c and a s y m m e t r i c s t r e t c h i n g f r e q u e n c i e s . The 
d a t a f o r t h e s e compounds a r e r e p o r t e d i n T a b l e 2 . 1 a n d p l o t t e d i n 
F i g . 2 . 1 . 
T a b l e 2 . 1 
T a b l e o f t h e A s y m m e t r i c and S y m m e t r i c . 
S t r e t c h i n g F r e q u e n c i e s f o r SN Compounds. 
Compound asyra v cm""*" sym r e f . 
S ( F 2 ) : ( N S i M e 3 ) 2 1430 1258 121* 
S ( F 2 ) : ( N C 2 F 5 ) 2 1429 1242 122* 
S ( F 2 ) : ( N C F 3 ) 2 l4o4 1235 122* 
S ( F 2 ) : ( N S F 5 ) 2 1350 1280 123 
M e ^ S i N : S : n C l 1315 1225 124 
M e S i ( N : S : N ) S i M e 1312 1190 125 
S : ( N P 3 N 3 F 5 ) 2 1270? 1185 126 
S : ( N S i C l 2 M e ) 2 1258 1177 127 
M e 3 S i N : S : N S N R 2 1255 1187 128 
S : ( N S i C l M e 2 ) 2 1250 1154 127 
S : ( N S i M e 3 ) 2 1242 1140 127 
n 1240 1135 124 
S : ( N S i C l 2 E t ) 2 1238 1176 127 
S ( N : S : N S i M e 3 ) 2 1200 1173 124 
- 4 6 -
Compound -1 -V cm asyra 
-1 - \ j cm sym r e f . 
MeAs(N:S:N)^AsMe 1190 1066 129* 
S : ( N S n M e 3 ) 2 1175 1060 130 
S: ( N S C F 3 ) 2 1171 1105 131 
HN:S:NC1 ll4o 988 124 
H N : S : N B r 1139 988 124* 
S: ( N S P h ) 2 1138 1087 132 
< N > C H ^ 3 
1135 1020 133 
7x S : ( N S 0 2 R ) 2 1 1 3 5 - H 3 0 1055-1035 13^ 
S : ( N B r ) 2 1127 1035 135* 
Me^CN:StNSiMe^ 1105 1035 136 
S : ( N I ) 2 109*» 1047 135* 
( S N 2 0 2 ) ^ 1080 935 137 
1080 1000 133 
N - C H , 
—CHMe 
1075 1010 133 
s ^ N - C H 2 
— C H e 2 
1075 1000 133 
SgNgAsMe 1050? 930? 138 
S ( N : S : N S i M e 3 ) 2 1020? 985 124 
T o s - N : S : N C H : C R g 1010 963 139 
S 3 N 2 0 981 910 140* 
S ( E t 2 ) : ( N H ) 2 98O-960 922 141 
s ( M e ) ( C 1 2 H 2 5 ) : ( N H ) 2 98O-960 925 141 
S ( M e 2 ) : ( N H ) 2 962 918 141 
S 0 2 ( N H 2 ) 2 929 902 142, 143 
S 0 2 ( N D 2 ) 2 902 868 142, 143 
( S ( M e ) ( N M e 2 ) 2 ) + 752 690 144 
S ( 0 ) ( N M e 2 ) ^ 678 664 145 
- 4 7 -
cn 
in 
F i g u r e 2 . 1 
The g r a p h o f v > a a y m ( S N 2 ) v e r s u s ^ s y m ( S N 2 ) : - "o" d e n o t e s a s s i g n m e n t s 
made by t h e p r e s e n t a u t h o r . 
- 4 8 -
Compound -1 V cm asym V c m "
1 
sym r e f . 
S ( 0 ) ( N M e 2 ) 2 654 6 4 2 145 
S ( N M e 2 ) 2 645 645 145 
* d e n o t e s a s s i g n m e n t s made by t h e p r e s e n t a u t h o r . 
I t i s f o u n d t h a t t h e r e i s a l i n e a r r e l a t i o n s h i p be tween 
V „ ( S N 0 ) and ( S N 0 ) and t h a t more s y m m e t r i c a l m o l e c u l e s 
a sym N 2' sym v 2 ' J 
g e n e r a l l y l i e c l o s e to t h e l i n e . -v = 1.151 V - 7 3 . 1 , 0 asym sym ' 
c o r r e l a t i o n c o e f f i c i e n t - 0 .9752 . As t h e f r e q u e n c i e s d e c r e a s e , 
t h e s y m m e t r i c and a s y m m e t r i c f r e q u e n c i e s merge a t about 650 c m - 1 
and so i n compounds o f t h e t y p e S ( N R 2 ) 2 , o n l y one SN a b s o r p t i o n 
c a n be f o u n d i n t h e i n f r a - r e d s p e c t r u m a s shown i n t h e t a b l e . 
The above c o r r e l a t i o n c a n be u s e d to c h a r a c t e r i s e v ( S N „ ) 
a s y m v 2' 
and v ( S N 0 ) f r o m l i s t s o f u n a s s i g n e d s p e c t r a . T a b l e 2 .2 l i s t s sym <£ 0 1 
t h e p u b l i s h e d s p e c t r a 1 - ^ 0 f S : ( N l ) 9 and S : ( N B r ) p . 
T a b l e 2 .2 
S p e c t r a o f S : ( N I > 2 and S : ( N B r ) g 1 3 5 . 
S : ( N I ) 2 I n f r a - r e d 1094 s 1047 v s 950 s 631 s 465 m 
S : ( N B r ) 2 I n f r a - r e d 1127 s 1035 v s 921 s 657 s. 603 m 
it Raman 1133 w 926 v s 666 m 608 m 
T h e h i g h e s t f r e q u e n c y must be a s s i g n e d to v a S y m ( S N 2 ^ ' 
-1 ^ s y m ^ ^ 2 ^ w o u l d t h e r e f o r e be e x p e c t e d i n t h e reg ion-^1030 cm" 
f r o m P i g . 1 . B a n d s a t 1047 c m - 1 a n d 1035 c m - 1 a r e t h e r e f o r e 
a s s i g n e d to ^ s y n i ( S N 2 ) f o r S : ( N I ) 2 3 x 1 ( 1 s : ( N B r ) 2 r e s p e c t i v e l y . 
S u l p h u r - n i t r o g e n Bond D i s t a n c e - S t r e t c h i n g W a v e l e n g t h C o r r e l a t i o n s . 
The b e s t d e d u c t i o n s o f bond ""lengths f r o m s p e c t r a l d a t a r e l y on 
f o r c e c o n s t a n t - bond l e n g t h c o r r e l a t i o n s . However , r i g o r o u s 
-ft?-
c a l c u l a t i o n s of f o r c e constants have been made f o r very few 
S-N sp e c i e s and many force constant determinations appear to 
disagree e i t h e r because the assignments of v i b r a t i o n a l s p e c t r a 
d i f f e r or because the bond d i s t a n c e s and angles have not been 
lk6 
measured o r estimated c o r r e c t l y . Glemser et a l produced 
the bond length - for c e constant r e l a t i o n s h i p fsN" rSN*^ ~ 
1.^5 x l O 1 ^ — ( l ) , where f i s i n Nm""1 and r g N i s i n pm. , and 
used t h i s to p r e d i c t SN d i s t a n c e s f o r a v a r i e t y of compounds from 
t h e i r force constants. However, they obtained the r e l a t i o n s h i p 
with j u s t e i g h t p o i n t s from f i v e compounds. 
I t i s a l s o p o s s i b l e to p r e d i c t SN bond lengths from i n f r a -
red data s i n c e there are c o r r e l a t i o n s between SN bond d i s t a n c e and 
28 29 
s t r e t c h i n g frequency or wavelength ' y . However, the accuracy 
of these c o r r e l a t i o n s i s l i m i t e d by the small amount of data 
a v a i l a b l e a t the time and the use of r i n g mode S-N fr e q u e n c i e s . 
There i s now a wealth of i n f r a - r e d data a v a i l a b l e but only 
data f o r a c y c l i c s p e c i e s w i l l be used. I n order to have p o i n t s 
with small SN bond orders i t i s necessary to consid e r s p e c i e s 
w i t h groups attached to the sulphur and ( o r ) n i t r o g e n . T h i s 
i n v o l v e s p e r t u r b a t i o n of the SN v i b r a t i o n . However, i f the coupl-
i n g between the attached groups and the SN v i b r a t i o n i s s m a l l 
and there are no s e r i o u s i n t e r m o l e c u l a r i n t e r a c t i o n s , the ob-
served frequency should be c l o s e to the "pure" frequency. 
An approximate value of the force constant may be obtained 
by t r e a t i n g the sulphur-nitrogen groups as simple diatomic 
molecules, provided the frequencies are averaged using Lehmann's 
r u l e f o r SN 2 groups (Lehmann showed that f o r an AB group 
where the asymmetric s t r e t c h has a degeneracy (x - l ) then 
^AB x^V + (x - 1) J ) . sym -asym '• T h u s t h e f o r c e c°nsta nt :-
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5.889V sg x IcT 6 2 6 
fSN = V TT/ = 5.735V S N x 10 (2) 
/ m S / m N 
where f g ^ i s i n Nm~^  and nig and m^  are the atomic weights of 
sulphur and nitrogen r e s p e c t i v e l y . 
By combining ( l ) and (2) 
V S N = 5.028 x 1 0 1 0 r " 3 - 5 (3) 
and * S N = 1.989 x 1 0 " 7 r 3 , 5 
I t i s the r e f o r e p o s s i b l e to p r e d i c t the SN bond length purely 
from the s t r e t c h i n g wavelength or frequency but t h i s method 
introduces three i n a c c u r a c i e s ; i ) the force constant - bond 
length r e l a t i o n s h i p , i i ) the assumption that the SN s t r e t c h i n g 
frequency i s a pure v i b r a t i o n and i i i ) That the SN or SN g 
groups a c t as diatomic molecules. 
I t was the r e f o r e decided to c o l l e c t the a v a i l a b l e bond 
length (dgjj) and s t r e t c h i n g wavelength (^g^) data with a view 
to e s t a b l i s h i n g a purely e m p i r i c a l r e l a t i o n s h i p . I t was found 
from a l e a s t squares f i t t h a t : -
dSN = ^ ' 6 7 2 ^SN + 1 1 0 - 1 2 C o r r e l a t i o n c o e f f i c i e n t +0.989U 
where dg i s i n pm and A i s i n microns. The e x i s t e n c e of t h i s 
r e l a t i o n s h i p i m p l i e s that the S-N bond v i b r a t i o n i s remarkably 
unperturbed by the a d d i t i o n of groups to the sulphur or n i t r o g e n 
f o r the compounds s t u d i e d s i n c e the d e v i a t i o n from the s t r a i g h t 






The graph of bond length ( d S N ) pm a g a i n s t s t r e t c h i n g vravelength (>> S N) 
f o r SN s p e c i e s . 
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Table 2.2. 
Experimental and Deduced Parameters for Sulphur Nitrogen Compounds 





ded. •* exp. 
SI\ 
ded.A ded.B ded.C 
NSF3 6.56 1 4 7 1268 1 4 7 
1255 1 5 1 
1240 1 4 8 




(SN) + 6.96 1 5 2 1 1 8 5 1 5 2 1184 142.6 143.0 143.0 
Hg(NSF 2) 2 7.62 1 5 3 154 990 989 
155 143.9 1 145.7 146.7 146.7 
CF 3NSF 2 7.13 1 5 6 1128 1 4 4 . 7 ( 6 ) 1 5 7 143.4 144.0 
SN(C 2 + ) 7.14 1 5 8 1127 1 5 9 1126 144.7 1 5 8 143.5 144.0 144.0 
NSF 7.29 1 4 8 1070 1 6 0 
1 0 7 1149,161-
1072 1 5 1 
1 0 9 4 ( 6 ) 1 6 3 
•2 





NSC1 7.54 1 6 4 1 0 0 3162,165-
1 0 1 0 1 6 4 
1 0 4 1 ( 1 0 ) 1 6 3 




NSBr 7.62 1 6 4 9 8 8 1 6 4 989 145.7 146.8 146.7 
cis-HOSN 7.57 1 6 7 9 9 0 ( 1 ) 1 6 7 1002 145.5 146.7 146.5 
C1NSF2 152 8.33 820
1 6. 8 826 1 4 7 . 7 ( 3 ) 1 6 9 149.0 150.7 150.5 
INSF 2 8.10 1 5 4 8 7 0 1 5 4 875 148.0 149.5 149.3 
SN(X 2II) 8.20 1 5 8 8 5 3 1 5 9 852 149.6 1 5 8 148.4 149.8 149.8 
Br NSF 8.23 1 5 4 8 4 8 1 5 4 847 148.6 150.0 150.0 
trans-HNSO 10.18 1 7 0 530(4) 1 7° 553 157.7 160.4 159.4 
cis-HNSO 171 9.21 1' 1 6 4 7 ( 6 ) 1 7 1 677 151.2(5) 9 1 153.1 155,9 154.9 
* Me2S(0)NH 10.30 1 4 1 541 1 5 2 . 1 ( 3 ) 1 7 2 156.8 159.9 
S(NSPh) 2 132 8.991 710 44 152.9(5)** 152.1 153.8 
( N ( S C 1 ) 2 ) + 72 8.85 732 153.5(8)
7 2 151.5 153.2 
* Me 2S(NH) 2 10.64 1 4 1 507 96 153.6(6)y° 158.2 161.4 
C1NS0 1 0 . I I 1 7 3 561 156.1(4) 8 8 157.4 159.1 
-53-
Compound A S N ^ 
exp. 
fSN N m _ 1 . 
exp. ded. L exp. dSN P"1 ded.A ded.B ded.C 
FNSF 2 8.70 1 5 4 7 6 0 1 5 4 759 150.8 152.4 152.4 
SN(A2 3 / 2 ) 10.52 1 5 8 5 1 9 1 5 9 519 157.7 159.3 160.9 160.9 
S0 2(NH 2) 2 10.92 1 4 2" 3 3 6 6 1 4 2 480 1 6 0 . 0 ( 9 ) 1 7 4 161.4 169.2 162.6 
5 4 2 1 4 3 159.9 
CH3S02NH2 11.35 1 7 5 3 7 4 1 7 5 445 161.0 1 7 6 163.2 168.6 164.4 
(PhCHN) 2S 4 11.72 1 7 7 418 1 6 5 . 1 ( 6 ) 1 7 8 164.9 165.9 
(PhCHN) 2S 3 11.76 1 7 7 415 1 6 6 . 1 ( 3 ) 1 7 9 165.1 166.1 
(NH 2S0 3)* 12.42 1 8 0 385 1 6 6 . 6 ( 6 ) 1 8 1 168.2 168.7 
Et 2SNCOCH 2Cl 2 12.28 1 8 2 380 167.3 1 8 2 167.5 168.2 
* s(me2)2 15.50 1 4 5 239 1 6 8 . 6 ( 4 ) 1 8 3 178.8 179.7 
(PhCHN) 2S 2 11.75 1 7 7 415 1 6 9 . 0 ( 3 ) 1 8 4 165.0 166.0 
* S ( 0 ) ( M e 2 > 2 15.36 1 4 5 243 1 6 9 . 3 ( 4 ) 1 8 3 178.2 179.3 
Me2NS02F 13.91 1 8 5 3 0 7 1 8 5 297 175.1 173.5 174.3 
* Me 2NS0 2Cl 13.93 1 8 5 3 Q 3 1 8 5 296 169.0(2.0) 1 8 6 175.2 173.8 174.3 
Me2NS02Br 14.12 1 8 5 3 0 1 1 8 5 288 176.1 173.9 175.0 
SN(B 2II) 12.50 1 5 8 3 6 7 1 5 9 367 170.0 1 8 7 168.5 169.1 169.0 
trans-HSNO 18.39 1 7 1 1 7 9 1 7 1 170 196.1 187.3 188.7 
Me3NS03 16.08 1 8 8 2 5 6 1 8 8 222 185.2 178.1 181.6 
3 0 0 1 8 9 174.0 
H3NS03 1 4 . 6 6 1 9 ( M 2 2 0 1 9 0 267 1 7 7 . 2 ( 1 ) 1 9 2 178.6 181.9 176.9 
2 7 0 1 9 3 176.7 
3 1 0 1 8 9 173.2 
*-compounds not used in calculation for equation (5) 
**-deduced from equation (2) 
A-deduced from equation (5) 
B-deduced from equation ( l ) 
C-deduced from equation (4) 
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I n Table 2.3 the f o l l o w i n g data are l i s t e d : 
1) experimental wavelengths, 
2) experimental force constants, 
3) f o r c e constants determined from equation (2), 
k) experimental bond lengths, 
5) bond lengths determined from equation (5)» 
6) bond lengths determined from equation ( l ) , and 
7) bond lengths determined from equation ( k ), f o r a l a r g e 
v a r i e t y of sulphur-nitrogen s p e c i e s . P o i n t s f o r s p e c i e s t h a t have 
Been s t a r r e d ( * ) , l i e a long way from l i n e (5) because they are 
e i t h e r s t r o n g l y hydrogen bonded e.g. Me2S(0):NH and Me 2S(NH) 2, 
and the s t r e t c h i n g frequencies are thus reduced, or the compounds 
contain the -S-NRx group (R = Me, E t e t c . , x = 2,3) which give 
very low S-N s t r e t c h i n g f r equencies because the --NRx group a c t s l i k e 
an i n c r e a s e d mass. 
The only other s p e c i e s that l i e s a long way from l i n e (5) 
SN = 5 k 2 C m _ 1 a n d fSN i s trans-HSNO to which = 5**2 cm - 1 and f = 179(2) Nm"1 
171 
have been assigned based on an expected r G M of 170 pm . Using 
equation (5) a s t r e t c h i n g frequency around 780 cm - 1 i s r e q u i r e d 
f o r t h i s bond length. While no such band i s observable i n the 
parent a band at 789.7 cm""1 i s observed i n the r a d i c a l SNO« and there 
are no bands i n the 5^0 cm"1 region f o r t h i s r a d i c a l . The author 
suggests that the band at 789.7 cm - 1 i s the SN s t r e t c h i n g 
absorption f o r trans-HSNO and not the SNO bend described by 
T c h i r et a l 1 7 1 . 
Sulphur-Oxygen Bond Length - S t r e t c h i n g Wavelength C o r r e l a t i o n s . 
109 
G i l l e s p i e and Robinson 7 p l o t t e d l o g f c r . versus l o g d f o r 
oO SO 
various sulphur oxygen compounds and obtained the r e l a t i o n s h i p 
f so d so ' 4 = x 1 0 ? <6> 
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Combining t h i s equation with the r e l a t i o n s h i p between SO s t r e t c h i n g 
frequency (obtained using Lehmann's r u l e f o r S 0 x groups) and 
the SO force constant, 
: 10- 2 
= 0.6282 v 
5.889v * x 10" 2 2 . v 
SO ~ 1/ +1/ ~ • SO 
/ m s / m o 
they derived the r e l a t i o n s h i p : -
V S Q = 1.203 x 10 1 1 ds"3-7 (8) 
where d ^ i s i n pra and MJQ i s i n cm"^. T h i s equation i s s u b j e c t 
to the same i n a c c u r a c i e s as equation (4) f o r sulphur-nitrogen 
compounds, so i n F i g . 2.3 the wavelength >\ gg(jix) * s p l o t t e d 
a g a i n s t the bond length d c n ( p m ) . f o r the compounds i n Table 2.4. 
A l e a s t squares c a l c u l a t i o n f o r these points gives the e m p i r i c a l 
r e l a t i o n s h i p : -
> s o = 0.251 d S Q - 27.809 C o r r e l a t i o n coef. 0.9776 (9) 
The s c a t t e r of points i s as expected f o r 1 e . s . d . ( i n <*SQ) . 
I n Table 2.4, the f o l l o w i n g data are l i s t e d : -
1) the experimental wavelengths, 
2) the bond lengths c a l c u l a t e d from equation (8), 
3) the bond lengths c a l c u l a t e d from equation (9) and 
4) the experimental bond lengths f o r a v a r i e t y of sulphur-
oxygen s p e c i e s and i t can be seen that the e m p i r i c a l r e l a t i o n -









The graph of bond length ( d S Q ) P m a g a i n s t s t r e t c h i n g wavelength 
( A s o ) ^ f o r SO s p e c i e s . 
-57-
Table 2.4 
Experimental and Deduced Parameters f o r Sulphur-Oxygen compounds. 





( S O P 3 ) + 6.51 1 9 4 137.0(1.o) 1 9 5 136.7 136.1 
S ( N S O ) 2 8.45 1 9 6 137.O71 144.5 146.0 
( S O ^ ) ^ ^ i a l 6.66 1 9 7 137.1(1.3) 8 6 137.3 136.9 
S 0 2 ( N H 2 ) 2 7 . 9 7 1 ^ 3 1 3 9 . l ( l . O ) 1 7 ^ 142.5 143.7 
( S O ^ ) ^ average 7.27 1 9 7 140.1(1.3) 8 6 139.8 140.2 
s o 2 c i 2 7 . 7 0 1 9 8 i 4 o . 4 ( 4 ) 1 9 9 141.5 142.4 
S O 2 P 2 7 . 2 2 1 9 8 140.5(3) 2 0 0 139.6 139.9 
(SNOCl) 3 7.44 2 0 1 140.7(7) 6 8 140.4 141.1 
(MeNS0 2) 3 7.4 5 2 0 2 l 4 o . 8 ( l ) 2 0 3 140.5 141.1 
(SN0F) 2(SN0Ph) 7.7*** l 4 l . o ( 2 . o ) 6 5 141.6 142.6 
S 0 F 2 7.65 1 9 8 1 4 1 . 2 ( i ) 8 7 141.3 142.1 
(SN0C1) 2(PNC1 2) 7.4 9 2 0 5 1 4 2 . 1 ( 1 . 3 ) 6 6 140.6 141.3 
S 0 2 ( 0 H ) 2 7 . 8 1 2 0 6 1 4 2 . 5 ( 1 . O ) 2 0 7 141.9 142.9 
( S 3 N 3 0 4 ) " 8 . 2 0 2 0 8 142.8(3) 5 2 143.5 144.8 
( S 0 3 ) 3 ( e q u a t o r i a l ) 8 . 0 0 1 9 7 143.0(1.3) 8 6 142.7 143.8 
so 3 8.13 1 9 7 143.0(2. o ) 2 0 9 143.2 144.5 
( s 2 o 6 ) 2 " 8.61 2 1 0; 1 4 3 . 0 2 1 1 ' 2 1 2 145.1 146.7 
so 2 7.94 3 0 1 4 3 . 1 ( 0 ) 2 1 3 142./* 143.6 
( S ^ N 5 0 ) ~ 8 .00 2 1* 143.3(4) 4 6 142.7 143.9 
S ( M e 2 ) 0 2 8.15 2 1 5 143.5(3) 2 1 6 143.3 144.6 
S0 3NH 3 8 . 4 8 2 1 7 1 4 3 . 6 ( 1 ) 1 9 2 144.6 146.1 
soci 2 8 . 1 * 1 9 8 1 4 4 . 3 ( 6 ) 2 1 6 143.2 144.5 
S4 N4°2 8 . 0 7 2 0 8 1 4 4 . 5 ( 2 . 0 ) 6 2 142.9 144.2 
8.13 3 0 143.7(4) 2 1 8 144.0 145.3 
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(SN0 2) 3~ 8 . 7 0 2 19 144.6(6) 6 9 145.5 147. 2 
(HN ( S 0 3 ) 2 ) 2 " 8.4 9 3 0 145 . 0 2 2 0 144.6 146.2 
S0Br 2 8. 92 2 2 1 1U5 . 0(2 . 0 ) 2 2 2 146.3 148.1 
(S0 3NH 2) _ 8.67 3 0 145. 5 ( 4 ) 1 8 1 145.3 147.0 
S2°2 8.70 2 2 3 1^5.8(2)
2 2 3 145.5 147. 2 
( s 2 o 3 ) 2 " 9.26 2 2 4 l 4 6 . 0(2 . o ) 2 2 5 147.7 149.7 
(EtO.SO^) - 8.56 3 0 146.O 2 2 6 144.9 146.5 
(CH 2 ( S 0 3 > a ) 2 " 8.63 3 0 146.1(5) 2 1 8 145. 2 146.6 
s2o 8.58 2 2 7 1 4 6 .4(1) 2 2 8 145.0 146.6 
(S0 3OH)" 8.72 2 0 6 147 . 0(1.5) 2 2 9 145.5 147. 2 
S(Me 2 )0 9 . 0 2 2 3 0 147.0(3.O) 2 3 1 146.7 148.6 
(so^) 2- 9 . 4 2 2 3 2 147.4(8) 2 3 3 148.3 150.3 
R 2C 2N 2 S0 8.85 2 3^ 147.8(5) 1 0 0 146.1 147.8 
s8o 9.22235 1 4 8 .3(9) 2 3 6 147.5 149.5 
Me 2SO.BF 3 1 0 .66 2 3 7 152 . 0 2 3 8 153.3 155.5 
S 0 2(OH) 2* 10.65 2 0 6 153. 5(1. 5 ) 2 0 7 153.2 155.5 
Me 2 S0.SnCl^ 10.87 2 3 7 154 . 0 2 3 8 154.1 156.3 
11.05 2 3 7 154.o 2 3 8 154.8 157.0 
(SO 3OH) - 11.17 2 0 6 156.0 2 2 9 155.3 157.4 
* r e f e r s to S-OH s t r e t c h i n g wavelength and bond d i s t a n c e . 
Only two poi n t s l i e more than 3 pm. from the l i n e v i z . S(NS0) 2 
and S 0 2(NH 2) 2. S(NS0) 2 has al r e a d y been d e s c r i b e d i n Chapter 1 
as probably having an in a c c u r a t e c r y s t a l s t r u c t u r e . 
Robinson found that as the e f f e c t i v e e l e c t r o n e g a t i v i t y of the 
X group i n SOgXg molecules i n c r e a s e d , there was a corresponding 
decrease i n the SO bond length and s t r e t c h i n g frequency. He 
compiled an order of e f f e c t i v e e l e c t r o n e g a t i v i t y of groups attached 
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to SOg moi e t i e s : -
F > O F > C F 3 > OR=i 0H>C1<^ CCl,j> SR^ NH £> A r > R 
The SO bond length and -VSQ frequencies of s 0 2 ( N H g ) 2 
( d s o = 139.1(1.0) pm, v S Q 1350, 1163 cm"1) should therefore l i e 
between those of SOgClg ( d S Q = 140.4(4) pm, V g 0 l4l4, 1182 cm" 1) 
and s ( M e 2 ) 0 2 ( d S Q = 143.5(3) pm, v S Q 1310, 1143 cm" 1). I t 
appears that i n sulphamide e i t h e r hydrogen bonding i s reducing 
the SO frequencies even though there appears to be no reduction 
i n the S-N frequency, or the c r y s t a l s t r u c t u r e i s at f a u l t . 
S t r u c t u r e Deduction 
The equations (5) and (9) allow the p r e d i c t i o n of S-N and 
S-0 d i s t a n c e s with an accuracy g e n e r a l l y g r e a t e r than - 2 pm. (66l& 
of SN p r e d i c t i o n s w i t h i n 1.4 pm and 66^ of SO p r e d i c t i o n s 
w i t h i n 1.0 pm.). Using the equations (10) - (12) r e l a t i n g the 
SNS and NSN angles with S-N d i s t a n c e 2 3 9 ' 2 Z t ° . 
d g N = 176.2 - 0.128N (10) u n s t r a i n e d N angles <130° 
d g N = 179.8 - 0.158N (11) S-N-s( I V) angles >130° 
d S N = 219.2 - 0.531§ (12) u n s t r a i n e d S angles 
A I t i s p o s s i b l e to deduce the SNS and NSN angles purely from the 
s t r e t c h i n g frequency. 
Table 2.5 l i s t s p r e d i c t i o n s made from these equations. 
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Table 2.5 
P r e d i c t e d Parameters f o r Some A c y c l i c JJ-N and S - 0 Compounds. 
Compound ^SN^ P r e d i c t e d 
rSN 







( S O C I P 2 ) + 6.82 1 3 8 . 0 ( 1 . 0 ) 241 
S 0 2 C 1 F 7.46 140.5(1.0) 206 
FNSO 9.93 156 .5 (1 .4 ) 8.03 1 4 2 . 8 ( 1 . 0 ) 242 
AsF 5.NSF 3 6.06 138 .4 (1 .4 ) 243 
F^SNSFg 7.58 171 .6 (1 .4 ) 132(6) 244 
1 3 . 1 6 145.5(1.4) 244 
( ( P h ^ ) ^ ) * 1 0 . 7 5 160 .4 (1 .4 ) 1 2 5 ( 8 ) 245 
( S N 2 0 2 ) U - 9.26 156 .5 (1 .4 ) 1 1 . 2 4 1 5 8 . 4 ( 1 . 0 ) 1 1 7 ( 2 ) 246 
1 0 . 7 0 1 2 . 7 4 246 
P 2 S ( N S F 5 ) 2 7 . 4 l 145.7(1.4) 1 3 8 ( 2 ) 123 
7.81 123 
S ( N I ) 2 9.1^ 153 .7(1 .4 ) 1 2 3 ( 2 ) 135 
9.55 135 
These p r e d i c t i o n s are based on p u r e l y e m p i r i c a l c o r r e l a t i o n s 
but by comparing the deduced parameters w i t h those of known 
s t r u c t u r e , the st r e n g t h of t h i s method may be appreciated. 
The c r y s t a l s t r u c t u r e of (SOClFg)(AsF^) has been s t u d i e d 2 ^ 7 
but the p o s i t i o n s of the f l u o r i n e and oxygen atoms could not be 
determined uniquely due to r o t a t i o n a l d i s o r d e r about the S-Cl 
a x i s . The average S-X (X = F o r o) d i s t a n c e was 143 pm, thus the 
pr e d i c t e d S - 0 d i s t a n c e ( l 3 8 ( l ) p m ) (Table 2.5) r e q u i r e s an S-F 
di s t a n c e of 145 pm. These two d i s t a n c e s are very c l o s e to the 
S - 0 ( 1 3 7 pm). and S-F (l45 pm) bond lengths found i n the r e l a t e d 
compound ( S 0 F „ ) ( A s F , ) 1 9 5 . 
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The S-0 bond length i n SOgCIF of l4o.5(l.o) pm appears to 
be a good p r e d i c t i o n when i t i s compared with the S-0 bond lengths 
of r e l a t e d compounds (Table 2.6) 
Table 2.6 
S-0 Bond Distances f o r S 0 2 X g Species 
Me Cl F 
Me 143.5(3) 2 1 6 lk2.k(3)2k6 1 4 1 . 0 ( 3 ) Z k 9 
CI i 4 o . 4 ( 4 ) 1 Q Q l4o.5(1.0)* 
F 1 4 0 . 5 ( 3 ) 2 0 0 
* p r e d i c t i o n 
The p r e d i c t e d bond lengths f o r FNSO ( d g N = 156.4(1.4), 
d g 0 = l42.8(l.O) pm) are very s i m i l a r to those of the r e l a t e d 
t h i o n y l imide C1NS0 ( d g N = 156.1(4), d S Q = 144.5 (4) pm) 90 
Lewis a c i d s form many adducts x^ith NSF^ by coordinating 
through the ni t r o g e n and there i s a subsequent change i n Vgjj 
( AV= 135 cm" 1) and V g F ( A V = 139,ll4 cm" 1). T h i s e f f e c t a l s o 
250 
occurs i n n i t r i l e s J and the i n c r e a s e i n force constant can be 
a t t r i b u t e d to an i n c r e a s e i n nitrogen lone p a i r "p" c h a r a c t e r 
and the " s " c h a r a c t e r of the S=N bond l e a d i n g to strengthening 
251 
of the S-N d-bond . A s h o r t e r S-N bond length i s th e r e f o r e ex-
pected i n AsF 5.NSF 3(l38.4(l.4) pm) than i n NSF 3 (l4l.6 p m ) l k & ' l k 9 . 
I f the p r e d i c t e d parameters f o r F^SN:SF 2 ( d g _ N = 171.6(1.4) pm, 
d,-, M = 145.5(1.4) pm, SNS = 132(6)°) are compared w i t h those ,°\157 published f o r CF 3N:SF 2 ( d s = N = 144.7(6) pm, CNS = 130.4(7) ) 
and F 5S-NF 2 ( d g _ N _ 1 7 0 > 0 ( 5 ) p m ) 2 5 2 , then the proposed bond lengths 
and angles are almost w i t h i n experimental e r r o r . The s l i g h t l y 
l a r g e r bond lengths and angles could be due to f l o u r i n e - f l o u r i n e 
r e p u l s i o n s . 
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The s p e c i e s (PhgSNSPhg)* can be described by two cano n i c a l 










A s i m i l a r compound (Me 2SNSMe 2)(Br).HgO was found to have d g N = 
163.5(4.0) pm and SNS = 110.8(2.0)° 3 5 . The discrepancy between 
the p r e d i c t e d SNS (125(8)°) and t h i s published s t r u c t u r e may be 
due to s t e r i c hinderance of the phenyl groups which would open out 
the SN"S angle. 
The anion (SNgOg)**" i s i s o e l e c t r o n i c w ith the sulphate ion. 
I t can be described adequately by canonical I I I with small con-
t r i b u t i o n s from I V and equivalent resonance c a n o n i c a l s . 
N 




I I I IV 
The p r e d i c t e d parameters ( d g N = 156.5(1.4), d g 0 = 158.4(1.0) pm 
and N§N = 117(2)°) are c o n s i s t e n t with these c a n o n i c a l s although 
the a c t u a l SN s p e c i e s may w e l l be polymeric as i n (Ag) 2 ( S0 2(NH) 2 ) 2 ^ 3 
No s t r u c t u r e s of the type FgS:(NX) have ever been published so 
i t i s not p o s s i b l e to compare the p r e d i c t e d s t r u c t u r e of F 2S:(NSF^) 
( d g N = 145.7(1.4) pm, N§N = 138(2)°) with s i m i l a r sulphur VI d i -
imides. E l e c t r o n d i f f r a c t i o n s t u d i e s (Table 2.7) show that as 
S=0 i s replaced by S=NH the XSX (X = 0, NH) angle opens out and 
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as S-Me i s replaced by S-F the angle X§X opens out a l s o . T h i s i s 
Table 2.7 
E l e c t r o n D i f f r a c t i o n Studies on T e t r a h e d r a l l y Coordinated S-Compounds 
Me 102.6 Me 
0^119.7 0 
Me Me Me 98.2 F 
0^32.6 NH 0^23.1 x 0 
Me 101.2 Me F F 
N S N ; S ^ J^S^200 
^ ^ 1 3 5 ^ 0 ^ 0 ^ 1 2 4 ^ 0 
because the lower e l e c t r o n e g a t i v i t y of the nitrogen, cr and TT o r b i t a l s 
causes the centre of g r a v i t y of the bonding e l e c t r o n cloud to l i e 
n e a r e r the sulphur atom i n ^ . S ^ ^ than ^ S ^ ^ as long as the e l e c t r o -
n e g a t i v i t y of X i s l e s s than oxygen. There i s thus g r e a t e r 
r e p u l s i o n between the bonding e l e c t r o n s and a wider angle i n the 
former case. Any e l e c t r o n withdrawing groups (e.g. -F) on the 
sulphur w i l l draw t h i s e l e c t r o n cloud c l o s e r to the sulphur atom 
and f u r t h e r i n c r e a s e the Ni§N angle. 
There are many published s t r u c t u r e s of sulphur ( I V ) d i -
imides e.g. S: ( N S C ^ C l ) 2 ( d g N = 155.0(1.7) pm, N§N = 124.0( 1.0)°) . 
The p r e d i c t e d s t r u c t u r e f o r S : ( N l ) 2 ( d g N = 153.7(1.4), N§N = 123(2)°) 
l i e s w i t h i n one standard d e v i a t i o n of the known s t r u c t u r e . 
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CHAPTtiR 3 
Expe r.tment a l 
(A) Handling Techniques 
1) Nitrogen Supply 
Most of the compounds stu d i e d were a i r and moisture s e n s i t i v e 
and to prevent decomposition a l l work was done i n aa atmosphere 
of dry nitrogen. The n i t r o g e n was obtained as i t evaporated from 
a tank of l i q u i d n i t r o g e n and d r i e d by bubbling i t through con-
ce n t r a t e d s u l p h u r i c a c i d and then p a s s i n g i t through a P o0_ tower. 
No attempt to remove oxygen was necessary as no compounds were 
found to be oxygen s e n s i t i v e . 
2) Glove Box 
The atmosphere of n i t r o g e n i n the glove box was continuously 
r e c y c l e d through a PgO^ • f c o w e r» b Y means of a small pump i n s i d e the 
box. A d i s h of P 2°5 w a s kept a * a 1 1 times i n s i d e the box to 
i n d i c a t e how e f f i c i e n t l y the p u r i f i c a t i o n system was working. A 
port, which was purged f o r t h i r t y minutes w i t h dry nitrogen before 
i n t r o d u c t i o n of m a t e r i a l s , provided a means of a c c e s s . A l l samples 
f o r i n f r a - r e d , u l t r a v i o l e t , mass s p e c t r a and a n a l y s i s were prepared 
i n s i d e the box. 
3) Spectra 
I n f r a - r e d s p e c t r a (250 - 4000 cm - 1) were recorded u s i n g 
Nujol mulls between KBr or AgCl p l a t e s o r as potassium bromide 
d i s c s on a Perkin-Elmer 4-57 prism g r a t i n g spectrophotometer. 
U l t r a v i o l e t and v i s i b l e s p e c t r a were obtained w i t h a Unican SP. 800 
spectrophotometer i n a s o l u t i o n of dry a c e t o n i t r i l e u s i n g quartz 
c e l l s of 1 and 2 cm. path length. 
Mass s p e c t r a were obtained on an A.E.I MS9 mass spectrometer 
a t 70 eV wi t h an a c c e l e r a t i n g p o t e n t i a l of 8 KeV. Samples were 
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d i r e c t l y inserted into the ion source. 
k) Analyses 
Analyses of Cl, N, P,S and Sn were carried out by Mr. R. Coult 
and those of C,H, and N by Mrs. M. Cocks. 
5) Melting Points 
These were determined using thin-walled glass tubes sealed 
with s i l i c o n e grease. 
( B ) Preparation and P u r i f i c a t i o n of Starting Materials. 
1. Solvents 
Thionyl Chloride 
Thionyl chloride was refluxed with flowers of sulphur for 
three hours and then d i s t i l l e d under nitrogen. The fraction b o i l -
o o 2k 5 ing between 75 and 76 C was collected 
Sulphuryl Chloride 
Analar sulphuryl chloride was d i s t i l l e d under nitrogen. The 
fraction boiling between 69° and 70°C was collected. 
Sulphur Pichipride 
Sulphur dichloride was purified by f r a c t i o n a l d i s t i l l a t i o n ; 
the middle fraction (b.p. 50-62°C) was retained and refractioned 
(collected at 6 0 ° C ) 2 5 6 . 
Disulphur Dichloride 
Disulphur dichloride was d i s t i l l e d from sulphur and decolouris-
ing charcoal at atmospheric pressure and the fraction boiling at 
137°C was collected. This was then r e d i s t i l l e d from sulphur and 
charcoal under vacuum to give a c l e a r yellow l i q u i d 2 - ^ . 
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Sulphur Dioxide 
Sulphur dioxide was d i s t i l l e d from a cylinder into a fl a s k , 
cooled to -78°C with acetone/dry i c e , containing P2°5* T n e 
sulphur dioxide could then be vacuum d i s t i l l e d into a reaction 
vessel . 
Phosphoryl Chloride 
Phosphoryl chloride was d i s t i l l e d from P2O5 * n e fraction 
b o i l i n g between 105° and 106°C was collected. 
Ether, Hexane, Toluene, and Benzene 
These were a l l dried over sodium wire ^ . 
Carbon Tetrachloride and Dichloromethane 





Pyridine was dried over sodium hydroxide . 
Nitrobenzene 
Nitrobenzene was d i s t i l l e d under reduced pressure and stored 
over calcium chloride. 
T r i c h l o r o a c e t o n i t r i l e and Benzonitrile 
These were dried over magnesium sulphate, f r a c t i o n a l l y d i s -
t i l l e d and stored over hA molecular sieves. 
A c e t o n l t r l l e 
A c e t o n i t r i l e was s t i r r e d with calcium hydride u n t i l hydrogen 
evolution ceased. I t was then decanted and d i s t i l l e d from 
phosphorus pentoxide ( < 5 g . / l i t r e of solvent) under nitrogen. The 
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f i r s t 5^ of d i s t i l l a t e was discarded and the rest was stored over 
• 259 molecular sieves 
Carbon Disulphide 
Carbon disulphide was dried with calcium chloride and 
f r a c t i o n a l l y d i s t i l l e d t w i c e 2 6 0 . 
Te t rahyd ro furan 
Tetrahydrofuran was refluxed for eight hours with sodium/ 
26l 
potassium all o y and then f r a c t i o n a l l y d i s t i l l e d 
Liquid Ammonia 
Ammonia was d i s t i l l e d from a cylinder into a f l a s k containing 
sodium at -78°C (Acetone/cOg). More sodium was added u n t i l the 
blue colouration became permanent. The l i q u i d could then be 
d i s t i l l e d into the appropriate reaction vessel. 
Acetic Anhydride 
Acetic anhydride was f r a c t i o n a l l y d i s t i l l e d through a 1.5 
262 
metre column packed with glass he l i c e s 
Tetrahydrofurfuryl Alcohol and Cyclohexene 
These were d i s t i l l e d under reduced pressure onto UA molecular 
sieves. 
Hexamethylphosphoramide (QP(NMep)^) 
Hexamethylphosphoramide was dried with sodium hydride then potassium 
metal was added to turn the batch completely blue. This was then 
d i s t i l l e d under vacuum onto 4A molecular sieves . 
N i t r i c Acid, Ethanol (Absolute), lodobenzene, Benzoyl Chloride, 
Di-N-Methyl Sulphamoyl Chloride and Hexafluoracetic Anhydride (Analar) 
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These were used without p u r i f i c a t i o n . 
(c) Preparation and P u r i f i c a t i o n of Reagents 
Tripheny1carbonium Te t rafluo rob o rat e 
Triphenyl carbinol (4.5g, 0.017 mol.) was dissolved i n 
propionic anhydride (45 ml.) by warming the mixture on a water bath. 
The solution was then cooled to 20°C and aqueous tetrafluoroboric 
acid (48$, 4.5 ml.) was added c a r e f u l l y making sure the temper-
ature never rose above 25°C. The solution was cooled to 0°C for 
30 minutes and deposited a white s o l i d . The l i q u i d was removed 
by syringe and the s o l i d washed rapidly with three ~2.5 ml. 
portions of cold, dry ether, removing each portion with a syringe. 
The remaining ether was removed under vacuum. Y i e l d 1.9g. 
Tin(iv) Tetrachloride 
Tin(lV) tetrachloride was freshly d i s t i l l e d at reduced pressure 
under nitrogen. 
Tin(lV) Tetrachloride - Phoaphoryl Chloride Adduct 
Tin(iv) tetrachloride (1.2 ml., 0.01 mol.) and phosphoryl 
chloride (1.9 ml., 0.02 mol.) were mixed together and a considerable 
quantity of heat evolved. On cooling, large c l e a r c r y s t a l s formed 
mp. 52°-53°C, l i t . 5*K5°C 2 6\ 
Octachlorocyclopentene 
Impure octachlorocyclopentene was r e c r y s t a l l i s e d twice from 
absolute ethanol mp. 4o°-4l°C, l i t . 39P - 4o°C 2 6 5. 
Boron Tri c h l o r i d e 
Boron t r i c h l o r i d e was d i s t i l l e d at 19°C. 
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F e r r i c Chloride 
F e r r i c chloride was refluxed with thionyl chloride for one 
hour, f i l t e r e d and then pumped to dryness. The s o l i d was then 
sublimed onto a cold finger at reduced pressure. 
>/ 
Sodium Iodide, Ammonium Chloride and Lithium Bromide 
These were dried i n an oven at 110°C for two days. 
Ethyldimethylsulphonium Iodide 
Ethyl iodide (5.0 ml., 0.062 mol.) was added to dimethyl 
sulphide (4.2 ml., 0.060 mol.) in water (60 ml.) to form a 1.03 M 
solution of ethyldimethylsulphonium iodide. 
Thiourea, Diphenyl Acetylene, Sodium Azide and Lithium Azide 
These were used without p u r i f i c a t i o n . 
(p) Preparation of Sulphur-Nitrogen Starting Materials 
Chlorocyclotrithiadiazeniura Chloride (S^NgCl)(Cl) 
( S 3 N 2 C l ) ( C l ) was prepared by a modification of J o l l y ' s Method 1-* 2' 2 6 7 - 8 
Dry ammonium chloride (200g.), sulphur(kOg.) and SgClg (200 ml.) 
were placed i n a one l i t r e flange head f l a s k f i t t e d with an a i r 
condenser (diameter 5 cm., length I r a . ) topped by a calcium chloride 
drying tube. The f l a s k was heated u n t i l the refluxing SgClg had 
ri s e n to two-thirds of the way up the a i r condenser. Crystals 
of (S^NgCl)(Cl) slowly formed above t h i s and the whole condenser 
could be f i l l e d with c r y s t a l s by gradually lowering the reflux 
point. Once f i l l e d , the condenser was removed and the c r y s t a l s 
scraped into a f l a s k against a counter-current of dry nitrogen and 
pumped to dryness. The a i r condenser was replaced on the flange 
head f l a s k and further crops of cry.sta.ls were collected. 
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Cyclotetrathiatetrazene S;N^ 
268 S 4 N 4 w a s P r e P a r e d by *he method due to J o l l y i n which 
chlorine gas was passed through a solution of S^Clg In CCl^ 
followed by the passage of ammonia gas for two hours. The 
precipitate was washed with water and then ether and extracted 
and r e c r y s t a l l i s e d from benzene. 
Tric h l o r o c y c l o t r i t h i a t r i a z e n e (SNCl)^ 
i ) From Cyclotetrathiatetrazene 2^ 9 
Excess s.ulphuryl chloride was added to c r y s t a l s of S^N^ and 
the mixture s t i r r e d for 2k hours. The resulting yellow needles 
were f i l t e r e d off and r e c r y s t a l l i s e d from CCl^ (10 ml/g.). A 
further crop of needles was obtained by pumping the f i l t r a t e to 
dryness and r e c r y s t a l l i s i n g the yellow s o l i d from CCl^. 
i i ) From Chlorocyclotrithiadiazenium Chloride ( S ^ N ^ C l ) ( C l ) 2 6 9 . 
Excess sulphuryl chloride was added to c r y s t a l s of (S^NgCl)(Cl) 
and the r e s u l t i n g yellow suspension was evaporated to dryness 
leaving a yellow s o l i d . This was r e c r y s t a l l i s e d slowly from CCl^ 
producing long yellow needles mp. 90-91°C, l i t . 91°C 2^ 9. 
270 
Cycloazaheptasulphurane S^ NH ' 
Sodium azide (l9.0g., 0.292 mol.) and sulphur (20.0g., O.O78 
mol.) were added to hexamethylphosphoramide (400 ml.) and s t i r r e d 
at room temperature for three days during which the solution 
turned dark blue. The reaction mixture was then added to (400 ml.) 
of ice-cold l09o hydrochloric acid and a yellow precipitate slowly 
formed. This was f i l t e r e d , washed with water and dried under 
vacuum(l9.8g.). Extraction with ether (8 x 50 ml.) gave yellow 
c r y s t a l s (6.8g. a f t e r evaporation of ether) which were dissolved i n 
the minimum of CS2 and chromatographed on s i l i c a gel to give Sg 
- 7 1 -
(2.3g.) and sulphur imides (4.4g.). 
iSach 20 ml. of elutant was evaporated to dryness and the 
residues weighed and the infra-red spectrum taken(table 3.1). 
Table 3.1 
Results 
Number Weight of Hesidue* I n f r a -red Spectrum 
1 - 5 0 
6 - 1 1 2.3136 sulphur 
12 0.8973 3277 m, 793 m 
13 0.9041 3240vs, 812 vs 
14 0.9453 3240 vs, 813 vs 
15 0.6579 3240 vs, 812 vs 
16 0.3717 3240 vs, 812 vs 
17 0.2052 3280 m, 3260 m, 797 s 
18 0.1817 3258 vs, 812 s, 797 (sh) 
19 0.1204 3259 s, 815 s, 797 s 
20 0.0685 3259 s, 813 s, 797 (sh) 
21 0.0397 3261 s, 813 s, 799s 
22 0.0157 3280 m, 3263 m, 799s 
23 0.0132 3285 m 797 m 
24 0.0096 3285 m 797 m 




Lithium with Sulphur-Chlorine Bonds 
Introduction 
Methyleneamino groups R2C:N have been attached to sulphur by 
three main methods; 
1. by reaction of the imine, or i t s metallo derivative, with a 
sulphur halide, e.g. 
(a) 2Ph2C:NH • SgClg • 2Et^N »• (PhgC:N) 2 S 2 • 2 E t 3 N H C l 2 ? 2 ' 2 7 3 
( b ) PhCIN P h M ^ B r . P h 2 C : N M g B r - g g ^ ( P h 2 C : N ) 2 S 2 2 7 ^ 2 7 5 
(c) 2(CP 3) 2C:NLi • &2C12 *" ( ( C F 3 ^ 2° : N)2 S2 + 2 L i C l 2 7 6 " 2 7 9 
2. by reaction of a primary amine with sulphur or a sulphur source 
e. g. 
(a) 2PhCH2NH2 • (x • 3)S P b 0 » (PhCH:N) 2S x + 3 H 2 S 2 8 0 ' 2 8 1 
(b) 8PhCH2NH2 + S^N^ »-(PhCH:N)2Sx + 7NH.J. • 3PhCH:NCH2Ph 
+ (4 - x ) S 1 7 7 
3. by condensation reactions of sulphamides, e.g. 
(a) S0 2(NH 2) 2 + RRCO »-S02(N:CR^)2 + 2 H 2 < ) 2 8 2 ' 2 8 3 
(b) S 0 2 ( N H 2 ) 2 + i>2S0Cl 2 - teCl_^ ( N l C M < ) 282 
ii)RRCO - 2S0 2 
(c) S0 2(N:PC1 3) 2 + RR'CO >-S02(N: CRR) 2 + 2P0C13 
(d) S0 2(NH 2) 2 + 2RR'C:NH—-^S02(N:CRR')2 • 2NH3 
282 
282,284 
Other methods have been used to attach chloromethyleneamino groups 
RCC1-.N or C12C:N to sulphur, e.g. the reaction of RCC1:NC1 with 
S 2 8 ? (SCN^with C l 2 2 8 6 , C1CN with y C l 2 2 8 6 or S(CN^, with S 2 C 1 2 2 8 7 . 
For the preparation of methyleneamino (R2C:N) derivatives, 
the use of iminolithium reagents R 2C:NLi (route 1(c) above) re-
portedly gives the highest y i e l d s . 
I n t h i s chapter reactions between diphenylmethyleneamino-
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lithium, PhgCNLi, and the chlorides SC1 2, S2C12' s o c l 2 a n d S 0 2 C 1 2 
have been used to prepare the compounds (Ph 2CN) 2S, (Ph 2CN) 2S 2, 
Ph 2CNC(NS0)Ph 2 and (Ph 2CN) 2S0 2 respectively. The disulphide 
(Ph 2CN) 2S 2 also results from the reaction between PhgCNLl and 
tr i c h l o r o c y c l o t r i t h i a t r i a z e n e (SNCl)^. Features of the infra-red 
and mass spectra of the prepared diphenylmethyleneamino sulphur 
compounds are discussed, with p a r t i c u l a r reference to thei r sulphur-
nitrogen bond orders. 
xp e rimen t a l 
Diphenylmethyleneamino-lithium was prepared by adding equi-
molar amounts of n-butyl lithium i n hexane to dipheny lme thy lene-
amine at -196°C i n ether and warming to room temperature. 
Syntheses 
1. Bis(diphenylmethyleneamino)disulphide, (Ph pC=N) 2S 2 
Addition of sulphur monochloride (0.7g, 0.005 mol.) to 
diphenylmethyleneamino-lithium (l.8g, 0.01 mol.) i n hexane/ether 
(20 ml.) at -78°C produced a white precipi t a t e . The mixture was 
f i l t e r e d at room temperature, washed several times i n hexane and 
r e c r y s t a l l i s e d from ether to give yellow c r y s t a l s , m. p. 177° - 178°C, 
( l i t . 1 7 6 ° C ) 2 7 2 y i e l d 1.6 g ( 7 6 ^ ) . I . r . (Nujol mull) absorptions 
occurred (cm" 1) at 3056m, 3018m, 1597m, 1550w, l449m, l4o4m, 1377m, 
1316m, 1297m, 1180m, 1155w, 10l8w, 999w, 950m, 9l4w, 784m, 777m, 
74lw, 704s, 693s, 671w,667sh, 629w, 459w. Calcd. for 
( ( C 6 H 5 ) 2 C N ) 2 S 2 : C.73.60; H, 4.71; N, 6.60; S, 15.09. Found : 
c, 74.51; H, 5.01; N, 6.93; s, Ik.95%. 
2. Bis(diphenylmethyleneamino)monosulphide, (Ph2C=tN)2S 
Addition of freshly d i s t i l l e d sulphur dichloride (1.2 ml, 
0.015 mol) to diphenylmethyleneamino-lithium (5.4 g, 0.03 mol.) 
i n hexane/ether (50 ml.) at -78° C gave an orange solution, which was 
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s t i r r e d for 4 h. at 20°C, and deposited an orange-yellow precipitate. 
This was f i l t e r e d and r e c r y s t a l l i s e d from benzene to give an orange-
yellow microcrystalline s o l i d , m.p. l48-9°C, y i e l d 4.9g . ( 84# ) . I . r . 
(Nujol mull) absorptions occurred (cm - 1) at: 3058m, 3015m, 1597w, 
1545™. 1487m l444vs, 1315w, 1296w, 1285w, 1262m, 1190m, 1155m, 1112s, 
1090m, 1038m, 1008m, 960m, 926m, 860w, 815m, 787s, 764m, 728m, 712s, 
700s, 675m, 648w, 627s, 565™, 440w. Major mass spectral peaks were 
found at m/e ( r e l a t i v e i n t e n s i t i e s and assignments are given) : 
392(48) (Ph 2CN) 2S +, 360(3) (Ph 2CN) 2 +, 283(4)Ph 2CNNCPh +, 269(3)Ph 2CNCPh + 
212(37)ph 2CNS +, l80(l00)Ph 2CN +, l65(6)C^CCgH^*, 1 5 4 ( l 7 ) P h 2 + , 
109(23)PhS +, 104(30)PhCNH +, 7 8 ( 2 6 ) C 6 H 6 + , 7 7 ( 7 2 ) 0 ^ * , 6 5 ( 6 ) 0 ^ * , 
51(26)C^H 3 +, 32(89 ) S * . Calcd. for ((Cgl^) 2CN) 2 S : C, 79.50; H, 5.10; 
N, 7.14; S, 8.16. Pound: C, 79-26; II, 4,90; N, 7-H; S, 8.42$. 
3. Diphenylmethyleneaminodiphenylmethylthlonylimine, Ph2C=NC(NS0)Ph2 
Addition of thionyl chloride (1.3 ml., 0.015 mol.) to 
diphenylmethyleneamino-lithium (5.4 g, 0 . 03 mol.) i n hexane/ether 
(50ml.) at -78°C gave a green solution which turned yellow on 
wanning to room temperature and deposited a yellow precipitate. 
This was f i l t e r e d and extracted with dry benzene and r e c r y s t a l l i s e d 
from toluene to give yellow c r y s t a l s m.p. 181 - 183°C, y i e l d 5.3 g. 
(87$ ) . I . r . (Nujol mull) absorptions occurred ( c m - 1 ) at: 3050m,3030\* 
1598m, 1580m, 1560m, 1545vs, l487w, l444vs, 1377m, 1315s, 1287s, 
1273sh, 1179w, ll60w, ll49w, 1130ve, 1072m, 1025m, 998w, 950m, 917m, 
846w, 808w, 789m, 772s, 74lw, 721s, 696vs, 638m, 6l5ra, 568m, 427m. 
Major mass spectral peaks were found at m/e ( r e l a t i v e i n t e n s i t i e s 
and assignments are given) : 408(2)Ph2CNC(Ph)gNSO*, 392(4) 
Ph 2CNC(Ph) 2NS +, .360(2) (Ph 2CN) 2 +, 346(6)Ph 2CNCPh 2 +, 283( 2)ph2CNNCPh+, 
228(25)Ph 2CNS0 +, 194( 5)Ph 2CN 2 +, 180( 100)Ph 2CN +, 1 6 5 ( 5 ) 0 ^ 0 0 ^ * , 
152(4)PhCHNS0+, l04(25)PhCHN +, 77 ( 3 4)C 6H 5 +, 5 1 ( 1 0 ) 0 ^ * , 32(90) 
S + ( 0 2 + ) . Calcd. for (C^H^) 2CNC(C 6H 5) 2N50 : C, 76. 47; H, 4.90; 
N, 6.86; S, 7.84." Found: C, 76 . 5 0 ; H, 4.77; N. 6.82; S, 7.9656. 
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4. Bis(diphenylmethyleneajnino)sulphpne, (PhpCN) pSO?. 
Addition of sulphuryl chloride (1.2 ml, 0.015 raol.) to 
dlphenylmethyleneamino-lithium (5.4 g» 0.03 mol.) i n hexane/ether 
(50 ml.) at -78°C gave a c l e a r solution which rapidly deposited a 
white precipitate on warming to room temperature. This was f i l t e r e d 
and the c l e a r solution evaporated leaving c l e a r white c r y s t a l s 
which were r e c r y s t a l l i s e d from toluene m.p. 150 - 151°C ( l i t . 1 4 7 ° -
l47.5°C, 143° - 145°C 2 8 5), y i e l d 4.1 g (6 5 $ ) . I . r . (Nujol mull) 
absorptions occurred (cm - 1) at : 3051w, 3020w, 1585m, 1552m, l477m, 
l447vs, 1328s, 1290w, 1271w, 1150vs, 1065w, I038w, lOlOw, 957m, 
932m,839vs, 817m, 799m, 726s, 710vs, 699vs, 6l8m, 585m, 550w, 450w. 
Major mass spectral peaks were found at m/e ( r e l a t i v e i n t e n s i t i e s 
and assignments are given) : 424(3)(PhgCN) 2S0 2*, 408(2)(PhgCN) 2 S0*, 
392(l0)(Ph 2CN ) s * , 360(1)(Ph 2CN) 2*, 346(l7)Ph 2CNCPh 2 +, 269(3)Ph 2CNCPh 
228(3l)Ph2CNS0",\ 212(l0)Ph2CNS"*", 180(34)Ph 2CN +, l64( 17) C^CC^H^*, 
15l(9)PhCNSO +, 109(l2)PhS+, 104(100)PhCHN*, 91(9)PhCH 2*, 77(95)$ $ - 5 * 
5 1 ( 1 2 ) C 4 H 3 + , 3 2 ( 8 5 ) S + ( 0 2 ) + . Calcd. for ( ( C ^ ) 2CN) 2 S 0 2 : C, 73-58; 
H, 4.72; N, 6.60; S, 7 .54. Found : 0,73.44; H, 4.91; N, 6.25; S, 
7.80%. 
5. Reaction of Thionyl Chloride with Diphenylmethyleneamino-
lithium 1:1. 
Addition of thionyl chloride (2.6 ml, 0.030 mol.) to diphenyl-
methyleneamlno-lithium (5.4 g, 0.030 mol.) i n hexane/ether (50 ml.) 
at -196°C gave a yellow solution on warming to room temperature 
and deposited a white precip i t a t e . This was f i l t e r e d and the c l e a r 
solution l e f t to stand i n the freezer. Yellow c r y s t a l s were formed 
which were f i l t e r e d , washed with ether and pumped dry. The i n f r a -
red and mass spectra and the analyses were consistent with 
Ph2C:NC(NS0)Ph. 
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6. Reaction of Trichlorocyolotrithiatriazene with dipheny lme thylene-
amino-Lithium. 
Addition of trio h l o r o c y c l o t r i t h i a t r i a z e n e (2.4 g, 0.01 mol.) i n 
benzene (20 ml.) to diphenylmethyleneamino-lithium (5.8 g» 0.03 mol.) 
i n hexane/ether (50 ml.) at -78°C produced f i r s t l y a green then a red 
solution which deposited a brown precipitate. This was f i l t e r e d and 
washed with ice cold ether and r e c r y s t a l l i s e d from toluene to give 
large yellow c r y s t a l s of ((CgH^) 2CN) 2S 2, y i e l d 1.6 g (26#). Major 
mass spectral peaks were found at m/e ( r e l a t i v e i n t e n s i t i e s and assign-
ments are given): 424(15)(PhgCN) 2S 2*, 392(50)(PhgCN) 2S +, 360(3) 
(Ph 2CN) 2 +, 283(5)Ph2CNNCPh+, 269(3)Ph 2CNCPh +, 212(57)Ph 2CNS +, 180(100) 
Ph 2CN +, 154(20)Ph 2 +, 109(24)PhS +, 104(l5)PhCNH +, 7 7 ( 6 0 ) 0 ^ * , 51(12) 
C^H3+. Calod. for ((CgH^)gCN) 2S 2: C, 73.60; H, 4.71; N, 6.60; S, 15.10. 
Found : C, 74.07; H, 5.07; N, 6.21; S, 14.87$. 
Discussion 
Diphenylmethyleneamino-lithium (PhgCrNLi) reacts with the 
chlorides SgClg and SClg to give good y i e l d s of (Ph 2C:N) 2S n > (n=l,2). 
The corresponding reaction with S0C1 2 gives the N-sulphinylamine 
Ph2C:NC(Ph2)NS0 (IV) rather than the sulphoxide (Ph 2C:N) 2S0 ; an 
attempt to i s o l a t e the intermediates Ph 2c(Cl)NS0 or Ph 2C:NS(o)Cl using 
1:1 Ph 2C:NLi and S0C1 2 gave the same product ( I V ) . The N-sulphinylaraine 
i s probably formed by a halide ion migration reaction of the type 
described by Swindell et a l 2 ^ 8 ( c f . step (2) below). They found that 
(CF^) 2C:NLi and SOXg (X=C1,F) react to form the N-sulphinylamine 
(CF 3) 2C;N(CF 3)2NSO rather than the sulphoxide ((CF^) 2C:N) 2S0, 
apparently because the carbon i s more susceptible than the sulphur 
to nucleophilic attack. 
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(CF 3) 2C=NL± «• SOX 2 ( 1 ) >((CF3) 2C=NS(O)X) ( 2 ) > (CF 3) 2C(X)NSO 
| L±N=C(CF 3) 2 
(CF 3) 2C=N-C(CF 3) 2NSO 
The intermediate (CF,j) 2C(F)NS0 i n t h i s reaction has been isolated 
288 
by von Halasz and Glemser 
The N-sulphinylamine structure of the produot from the reaction 
of PhgCsNLi with SOClg, i s assigned on the basis of infra-red and 
mass spectra. The two strong absorptions at 1273 cm"3" and 1130 cm-3" 
(Table 4.1)are t y p i c a l of v» (NSO) and V (NSO) for a l k y l and x ' as* ' sym ' 
a r y l N-sulphinylamines RNSO ( V a j N S 0 ) 1300-1238 cm - 1 a n d v g y m ( N S 0 ) 
1179-H20 cm"1 2 8 9 - 2 9 1 ) and t h e frequencies f i t the l i n e a r 
28 
correlation between V (NSO) and v (NSO). The infra-red 
a s v ' symv ' 
spectrum i s much more complex than for the more symmetrical 
diphenylmethyleneamlno mono- and di-sulphides. The mass spectrum 
also indicates an N-sulphinylamine. The strong peak at m/e 
346 (PhgCsNCPhg)*, indicating loss of -NSO i s not found i n the 
mono-and di-sulphide spectra. 
The reaction between sulphuryl chloride and diphenylmethylene-
amino-lithium i s believed to involve the following stages:-
ill Ph„C=NLi +S0~C1 *-Ph„C S0„C1 + L i C l 
Ph„C=NLi CI 
migration 
(Ph 2C(Cl)N=S^ )0 L i C l • Ph„C=NLi (Ph 2C=N) 2S0 (at sulphur) 
Ph„C=NLi 
(at carbon) 




Th e i n i t i a l stage of the reaction i s postulated as nucleo-
p h i l i c attack by diphenylmethyloneamino-lithium an sulphuryl chloride 
with elimination of lithium chloride to form (A). This compound 
2 9 2 
should be stable since stable analogues are known e.g. ClgCtNSOgCl . 
The second stage can proceed by two routes. i ) Diphenyl-
methyleneamino-lithlum can attack the sulphur atom of (A), to form 
(C), with elimination of lithium chloride. This seems a l i k e l y 
product because t h i s same compound (c) has been prepared by a 
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different method and i t i s known to be a stable compound with a 
s i m i l a r melting point to the product from t h i s reaction. i i ) The 
chloride ion can migrate from the sulphur atom to the carbon atom 
i n compound (A) to form the intermediate ( B ) . Compounds l i k e ( B ) , 
of the type HNSOg, have been postulated as intermediates i n many 
reactions e.g. the Curtis and Lossen rearrangement of benzene 
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sulphonyl azide ^ , hv C H 3 0 H , C 6H 5S0 2N 3 ^ 3 5 0 ^ CgHgSOgN ( CgH^SO,,) _^C 6H 5NHS0 2OCH 3 
and they readily undergo nucleophilic attack at sulphur. Nucleo-
p h i l i c attack by diphenylmethyleneamino-lithium on the sulphur atom 
of (B) would again produce (c) with elimination of lithium chloride. 
The alternative reaction mechanism for (B) would be nucleo-
p h i l i c attack by diphenylmethyleneamino-llthium on the carbon 
to the nitrogen i n (B) to form (D) since chlorine atoms ot-to nitrogen 
are readily ionised 7 . Atkins and Burgess succeeded i n preparing 
a compound analagous to (D),C2H^N=S02, i n solution at -78°C 2^ 
but t h i s underwent exothermic polymerisation upon warming (oligomers 
(RNS0 2) 3 ^, R = CH 3 and C ^ have been d e s c r i b e d 2 0 3 ' 29°-3 0 1) # 
N-sulphuryl amines with larger R groups have also been prepared at 
low temperatures e.g. PhC(o)NS0 2 2^^ but on warming t h i s rearranges 
to phenyl isocyanate and S0 2, even though the trimer has been 
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characterised 7 T h e s e highly e l e c t r o p h i l l c compounds can only 
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be s t a b i l i s e d as monomers (cf . iso e l e c t r o n i c SO«j) , by forming 
102 
adducts with nucleophiles e.g. Me00CNS02 . THF or 
PhC(o)NS02.N(C2H^) which are stable at room temperature. No 
such solvent adducts would be formed under the conditions of the 
reaction so the author suggests that any (D) formed would quickly 
polymerise to form ( E ) . The mass spectrum provides evidence for 
the formation of ( E ) ; the strong peak at m/e Jh6 assigned to 
(Ph 2C=NCPh 2) 4, would result from depolymerisation of ( E ) and loss 
of -NSOg. However, the alternative product (c) could also produce 
this mass spectral peak by loss of -NS02 a s occurs i n the reactions 
N=C-Me 
of 0 2S^ j^ O with alkenes- > u- ,• \N=C-^Me 
The product shows only two strong infra-red absorptions above 
1000 cm - 1 which d i f f e r from the mono-and di-sulphide derivatives. 
The spectrum i s simple and i t i s possible to assign the two i n f r a -
red bands 1328 cm"1 and 1150 cm""1 to V (S0 o) and v (S0„) respec-
a s x Z7 symx 2' 
t i v e l y , because they occur i n the region of -S0 2- vibrations of the 
N-S02-N grouping 3 0. The 
product rather than ( E ) . 
N-S02-N grouping . These facts point to compound (c) as the 
The reaction of (SNCl)^ with Ph 2C:NLi led to an interesting 
ring breakdown and loss of nitrogen. 
(SNC1) 3 + LiN=CPh 2 2((NSN=CPh2)^) 
-3N 2 
T 
3(Ph 2C=N) 2S 2 -» 6(*SN=CPh2) 
Most reactions of (SNCl)^ with nucleophiles lead to ring breakdown 
and only two other c y c l o t r i t h i a t r i a z e n e s are known ( v i z . ( S N F ) ^ 3 0 ^ 
and ( S N 0 R ) 3 3 0 5 ' 3 ° 6 ) . 
The structures of the N-S-0 section of the products can be 
deduced from the infra-red spectra (Chapter 2). However, i t 
has only been possible to assign the average S-N stretching 
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frequency for three of the compounds (not the dlsulphlde) because 
of the complexity of the spectra. I n Table 4.1 are l i s t e d the 
predicted daK and SNS structures, and for comparison, the published 
structures of s i m i l a r data for related compounds. 
Table 4.1 
Predictions of Structures and Comparisons with Related Compounds 
for (Ph 2C:N) 2S, (Ph 2C:N) 2S0 2 and Ph2C:NC(Ph2)NS0. 
Compound ^SN'^SO A* dSN P m d s n NSN° ref. 
(Ph 2C:N) 2S ^SN= 1 2- 3 0 167 . 6(1 . 4 ) 96.6(2.0) Predn. 
(PhgCrN'S^l^:). 1 6 7 . 9 ( 5 ) ^ 96.8(3) 43 
(PhCH:N) 2S 2 169.1(4) 184 
(PhCH:N) 2S 3 166.1(3) 178 
(PhCHtN)^ 165.5(6) 177 
(Ph 2C:N) 2S0 2 X S N=11 .92 165.8(1 .4) 100 .6(2.0) Predn. 
Xgo=8.07 142.9(1.0) Predn. 
S(N:S:N) 2S0 2 164.0 144.5 94.6 62 
Ph2C:NC(Ph2)NS0 XSN= 8' 8 5 151 . 5(1 . 4 ) Predn. 
* s o = 7 . 7 7 141 .7(1.0) Predn. 
cis-MeNSO 152.5(4) 146 .6(4) 307 
cis-H 3SiNS0 151.7(7) 144.2(5) 308 
The predicted SN bond lengths i n (Ph 2C:N) 2S and (Ph 2C:N)S0 2 
are l e s s than the sum of the Pauling covalent r a d i i (^174 pm) - a 
very rough guide to an SN single bond d i s t a n c e 3 0 ^ . Bond contraction 
i s often attributed to d^ - p^ . bonding or an increase i n electro-
s t a t i c contribution to the S-N covalent bond. The }C=N- stretching 
frequency provides some indication of which effect i s dominant 
(Table 4 . 2 ) . 
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Table h.2 
"V ^ e _ N ^ and ^ for bis(diphenylmethylene-
amlno) sulphide, d i s u l p h i d e and sulphone. 
Compound V(C=N) 0 1 7 1 - 1 v ( S - N ) c m _ 1 
( P h 2 C : N ) 2 S 2 1597 
(Ph 2C:N) 2S 1597 815 
( P h 2 C : N ) 2 S 0 2 1595 839 
The absorption frequency v (C=N) w i l l be a f f e c t e d by the 
r i g i d i t y of both the C^C and N-S u n i t s . No s i g n i f i c a n t d i f f e r e n c e 
between the r i g i d i t y of the /C s k e l e t o n i s to be expected f o r 
I I VI 
the S and S compounds but the N-S f o r c e constant should i n -
I I V I 310 
crease from S to S J T h i s strengthened mechanical coupling 
_ 311 
normally i n c r e a s e s ^^Q_^^ a n < * should l e a d to higher frequencies VI 
i n the S compounds. The observed decrease i n V/ 
c o n s i s t e n t w i t h t h i s i n t e r p r e t a t i o n . 
(C=N) i s not 
Sulphur-nitrogen d^- p„. bonding would reduce the non-bonding 
e l e c t r o n d e n s i t y i n the )C=N- system and i n c r e a s e " V ^ c _ ^ ^ A l s o , 
2 
the h y b r i d i s a t i o n a t n i t r o g e n would tend towards sp from sp , 
VI 
f u r t h e r i n c r e a s i n g ^ ( j ^ j * One would expect S attached to f o u r 
e l e c t r o n e g a t i v e groups to p a r t i c i p a t e b e t t e r i n p^ bonding 
I I I I V I than S and y e t V ( Q _ n ) shows a decrease S —»»S showing t h a t 
d T - pu^  bonding i s not dominant i n these compounds. 
I I V I 
The e l e c t r o n e g a t i v i t y of sulphur i n c r e a s e s from S to S 
and i n c r e a s i n g the e l e c t r o n e g a t i v i t y of the atom attached to the 
)C=CJ- group w i l l withdraw e l e c t r o n d e n s i t y from t h i s region and 
i n c r e a s e v ^ p ^ ^ . T h i s i s indeed the case and t h e r e f o r e only the 
e l e c t r o n e g a t i v i t y of the sulphur seems to have a s i g n i f i c a n t e f f e c t on ^ ( Q ^ ) and >^g_ Nj and consequently d g N . The ease and 
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r a p i d i t y of tho r e a c t i o n s with 2 C 1 2 3 1 1 ( 1 S 0 1 2 C 1 2 t n e n i £ n 
I I TV VT y i e l d s , open the way f o r more d e r i v a t i v e s of S , S and S 
compounds to be prepared by t h i s method. There are r e l a t i v e l y few 
si d e r e a c t i o n s and the progress of a r e a c t i o n can be monitored by 
the s h i f t i n 9/„ „x. 
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OHAPT&R 5 
Reactions of T r i c h l o r o c y c l o t r i t h i a t r i a z e n e and D e r i v a t i v e s 
I n t h i s chapter the chemistry of (SNCl)«j i s reviewed. T h i s 
i s followed by the experimental s e c t i o n which d e s c r i b e s r e a c t i o n s 
of (SNCl)^ and (RCNgSg)* s a l t s , the r e s u l t s of which are d i s c u s s e d 
with regard to the p o s s i b l e r e a c t i o n mechanisms involved. 
Preparations of T r i c h l o r o c y c l o t r i t h i a t r i a z e n e , 
The r e a c t i o n s of S^N^ with c h l o r i n e o r s u l p h u r y l c h l o r i d e 
probably proceed v i a the intermediate ( S N C l ) ^ to form (SNCl) ' 3 1 1 . 
A l t e r n a t i v e l y ( S ^ N 2 C l ) ( C l ) may be used i n p l a c e of S^N^. 
3S 4N^ • 6C1 2 M S N C 1 ) 3 3 1 1 
3S^N^ • 6 S 0 2 C 1 2 — ^ _ ^ ^ ( S N C 1 ) 3 • 6 S 0 2 2 6 9 
3(S 3N 2C1)(C1) -»-3Cl2 ^ 2(SNC1) 3 + 3 S C 1 2 2 6 7 
3(S 3N 2C1)(C1) + 3 S 0 2 C 1 2 - ^ - ^ 2(SNC1) 3 + 33C1 2 + 3SO., 2 6 9 
The r e a c t i o n of NH^Cl with SgClg i n .a 1: 2 r a t i o leads to high 
y i e l d s of (SNC1> 3 but with excess NH^Cl,(fc^NgCl)(Cl) i s produced. 
3NH^C1 + 6 S 2 C 1 2 — r e f l u x ^ ( S N C 1 ) 3 + 12HC1 + 9 S 2 6 6 * 3 1 2 
By p a s s i n g SgClg through a stream of a c t i v e n itrogen, small q u a n t i t i e s 
of NSC1 and SClg are produced and the monomer slowly t r i m e r i s e s ^ . 
The t r i m e r has a l s o been prepared i n sma l l q u a n t i t i e s from 
t h i o n y l c h l o r i d e and two isomers of t h i o n y l imide. 
3HNS0 or 3H0NS • 330C1 2 »»(SNCl)3 • 3 S 0 2 + 3 H C l 3 l Z * ' 3 1 5 
Attempted halogen exchange of (SNP)^ w i t h S l C l ^ , PCI o r MeysiCl 
produces ( S N C l ) 3 , not the te t r a m e r J . T r i m e r i c products ( S N C l ) 3 
and ( S N F ) 3 are the only compounds that can be recovered from the 








The s t r u c t u r e of (SNCl) 
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S t r u c t u r e 
The S^N^j r i n g of t r i c h l o r o c y c l o t r i t h i a t r i a z e n e adopts the 
c h a i r conformation with the three c h l o r i n e atoms i n a x i a l p o s i t i o n s 
( F i g 5.1)^^. S i m i l a r c h a i r conformation are observed i n many oth e r 
six-membered sulphur r i n g systems e.g. ot.(SNOCl)^ , (SNOg)^ » 
( M e N S 0 2 ) 3 2 0 3 , ( S N F ) 3 5 5 and ( S O ^ ) ^ 8 6 . The TT-bonds i n the r i n g are 
very s i m i l a r s i n c e the system i s of approximate 3m symmetry. A l l 
the S-N bond lengths are equal (160.5 pm) w i t h i n experimental e r r o r 
but the SCI bonds are unequal (215.0, 215.0 and 208.4 pm), p o s s i b l y 
because of t h o i r d i f f e r e n t molecular environments. The f a c t t h a t 
a l l the SN bond lengths are equal i m p l i e s the p r e s e n c e of d e l o c a l i s e d 
Pn-diT bonds-*-**1-'0. The short SS d i s t a n c e s (283 pm), considerably 
s h o r t e r than the sum of the van der Waals r a d i i f o r sulphur 
(370 pm)^ 1^, i n d i c a t e the e x i s t e n c e of some degree of SS bonding 
a c r o s s the r i n g . SCF MO c a l c u l a t i o n s w i t h and without "d" o r b i t a l s 
f o r (SNCl)^ have been reported (Table 5.1) which support t h i s 
theory 73,81,318 
Table 5.1 
CNDO/2 C a l c u l a t i o n s f o r ( S N C l ) ^ 
With "d" O r b i t a l s 
Charges V a l e n c i e s Bond I n d i c e s 
re f .318 ref.81 ref.78 ref.78 ref.81 ref.78 
Sulphur +0.35 fO.33 +0. 38 h.ko S-N 1.57 1. 28 
Nitrogen -0.25 -0.23 -0.20 2.83 S-Cl 1.22, I.29 






Without "d" O r b i t a l s 
Charges Bond I n d i c e s 
ref.318 ref.78 
Sulphur +0. 50 S-N 0.97 
Ni fc-ro gen -0.35 S-Cl 0.86 
Chlo r i n e -0.18 s-s 0.03 
N-N 0.02 
I n c l u s i o n of "d" o r b i t a l s i n the c a l c u l a t i o n s l i f t s the SN 
bond i n d i c e s from v i r t u a l s i n g l e bonds to p a r t i a l double bonds. 
I t i s w e l l e s t a b l i s h e d that CNDO/2 c a l c u l a t i o n s overestimate the 
"d" o r b i t a l c o n t r i b u t i o n s to these systerns^"^, so the true p i c t u r e 
l i e s somewhere between these two extremes. Comparisons of the c a l c -
u l a t e d v a l e n c i e s with the maximum covalency f o r each atom has been 
319 
used as a measure of the r e a c t i v i t y of atoms . Thus sulphur and 
n i t r o g e n atoms i n (SNCl)^ would be expected to i n c r e a s e t h e i r v a l -
e n c i e s i n a r e a c t i o n . The sulphur atom should be s u s c e p t i b l e to 
n u c l e o p h i l i c a t t a c k and the nitrogen to e l e c t r o p h i l i c a t t a c k by 
v i r t u e of the charges on these atoms. 
P r o p e r t i e s 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e i s a pale y e l l o w c r y s t a l l i n e 
s o l i d ( d e n s i t y 2.09 g cm" ) which i s s t a b l e i n a dry atmosphere but 
i s decomposed by water to SOg and NH^Cl. I t has a melting point of 
9 1 ° C 2 6 7 or 162. 5°C ( d e c o m p . ) 1 5 0 , 3 0 2 * ' 3 2 0 . T h i s higher melting point 
321 
has been disputed by Patton , who has suggested that as ( S N C l ) ^ 
melts, other u n s p e c i f i e d yellow s o l i d s are formed, which themselves 
decompose to ( S ^ N ^ ) ( C l ) ; the l a t t e r melts with decomposition a t 
180-200°C, when pure. (SNCl)^ i s soluble, i n benzene, carbon d i -
sulphide, carbon t e t r a c h l o r i d e , phosphoryl c h l o r i d e , l i q u i d sulphur 
dioxide, s u l p h u r y l c h l o r i d e and t h i o n y l c h l o r i d e . 
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The t r i m e r undergoes r e v e r s i b l e decomposition to the monomer 
322-324 ( S N C l ) 3 ( s ) :=^3SNC1 (g) 
the t r i m e r i c form being predominant below 55°C 3 2^; c h l o r i n e i n -
h i b i t s the depolymerisation above t h i s temperature. 
The Chemistry of T r i c h l o r o c y c l o t r i t h i a t r i a z e n e 
Most r e a c t i o n s of ( S N C l ) ^ f a l l i n t o four categories-. i ) sub-
s t i t u t i o n , i i ) adduct formation, i i i ) r i n g cleavage, and i v ) f o r -
mation of other sulphur-nitrogen r i n g s . 
i ) S u b s t i t u t i o n 
(SNCl)^ r e a c t s with AgF^ i n C C l ^ to form (SNF)^- 3 0^ and w i t h 
(CF^) 2CN0 and epoxides to form compounds of the type (SNOR)^, e.g. 
(SNC1) 3 + CH^CHg—CHgCl >•( SNOCH( CHgCl) £ ) ' 3 2 5 . 
i i ) Adduct Formation 
The adduct ( S N C l ) 3 . 6 S 0 3 can be prepared from SO^ and ( S N C l ) ^ 2 ^ 
78 
and Armstrong et a l ' have suggested from t h e i r c a l c u l a t e d charges 
(Table 5.1) that there i s one SO^ group a s s o c i a t e d w i t h each n i t r o g e n 
and each c h l o r i n e atom. The SO^ groups attached to the c h l o r i n e 
atoms are more weakly bound and can be removed by h e a t i n g to form 
( S N C l ) y 3 S 0 3 • F u r t h e r heating, i n vacuo, produces t r i c h l o r o t r i -
o x o c y c l o t r i t h i a t r i a z e n e (SNOCl)^ ( y i e l d k'i,) i n which oxygen atoms 
have re p l a c e d the sulphur lone p a i r s i n (SNCl)^ . T r i c h l o r o c y c l o -
t r i t h i a t r i a z e n e a l s o forms adducts w i t h Lewis a c i d s i n t h i o n y l 
c h l o r i d e which are of unknown s t r u c t u r e and extremely moisture 
s e n s i t i v e . 
( S N C l ) 3 . a A1C1 3 ( a = 1 , 2 ) 3 2 8 
( S N C l ) 3 . b F e C l 3 (b = 1 , 2 ) 3 2 8 
( S N C l ) 3 . c S b C l 5 ( c = 1 , 2 , 3 ) 9 2 ' 3 2 9 ' 3 3 0 
2(SNCl)3.d SnCl^ (d = l ) 3 3 0 
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( S N C l ) 3 . e T i C l ^ (e = l ) 3 3 ° 
+ 328 32Q 
These undergo f u r t h e r r e a c t i o n with S^N^ to y i e l d (s^N^) 
o r with SC1 2 to form ( S 2 N C 1 2 ) + s a l t s 7 2 ' 9 2 ' 1 5 k ' 3 2 ? I n CCl^, ( S N C l ) 3 
r e a c t s with S b C l 5 i n a 1 :1 r a t i o to form ( S ^ N ^ C l g ) ( S b C l g ) 3 3 1 . 
Using the same r e a c t a n t s but i n S 0 2 with an (SNCl)^:SbCl^ r a t i o of 
1:2 G i l l e s p i e e t a l produced ( S ^ N ^ ) ( S b C l g ) 2 although the r e a c t i o n 
120 
was complex and there was at l e a s t one u n i d e n t i f i e d product 
i i i ) Ring Cleavage 
Reaction of (S N C l ) ^ with strong n u c l e o p h i l e s , e l e c t r o p h i l e s o r 
o x i d i s i n g agents g e n e r a l l y leads to breakdown of the S^N^ r i n g . 
Oxygen Nucleophiles 
H y d r o l y s i s of ( S N C l ) ^ i n a l k a l i n e conditions produces ammonia, 
s u l p h i t e and t h i o s u l p h a t e but i n hot concentrated h y d r o c h l o r i c a c i d 
only ammonium c h l o r i d e and sulphur dioxide are formed. The main 
products i n cold, moderate a c i d conditions are sulphur dioxide, 
332 
ammonium sulphate and i t i s claimed, H^NgSgO . E t h a n o l y s i s 
332 
r e s u l t s i n r i n g breakdown and formation of d i e t h y l ether . 
(SNC1) 3 + ^ C ^ O H K3NH^C1 + 3S0 2 + 6 ( 0 2 ^ ) 20 
333 
but with cholestan-35- o l only cholestan-3/S-yl s u l p h i t e i s formed , 
R-O-H • ( S N C l ) ^ . ^R-0-S0 2H 
The r e a c t i o n w i t h dimethylsulphoxide leads to the formation of the 
b i s ( d i m e t h y l t h i o ) n i t r o g e n c a t i o n 3 3 \ 
Me 
S= 0 + (SNCl) »- (Me SNSMe„)(Cl) + S 0 9 
Me^ J * * 
Nitrogen Nucleophiles 
Sulphur diimide, S(NH) 2, can be i s o l a t e d as the mercury or 
s i l v e r s a l t s from the r e a c t i o n of ( S N C l ) 3 with ammonia^ 5,. i n t h i s 
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r e a c t i o n and i n the r e a c t i o n s with secondary amines, ( S N C l ) ^ 
g e n e r a l l y a c t s as i f i t were i n i t s monomeric form 
RNHR' • NaSCl " g ^ l SE=N • RN=S=NR' (R, R' = Me^Si, C ^ S ) 3 3 6 " 7 
However, the r e a c t i o n w i t h benzophenone p-nitrophenylhydrazone 
produces two products by a s e r i e s of rearrangements 
PhgCeN-NHCgH^NOg * (SNCl) 3 P ^ ^ l n e »» (Ph 2C=N) 2S + PhgC^SCgH^NOg333, 
with organometallic s u b s t i t u e n t s on the n i t r o g e n s u b s t i t u t e d d i -
331 
imides are formed . 
P 3N 3F 5N(SnMe 3) 2 + ( S N C l ) 3 *- P^F^SrrN-SMe 
B l e c t r o p h i l e s 
Strong e l e c t r o p h i l e s a t t a c k the n i t r o g e n atoms of t r i c h l o r o c y c l o -
t r i t h i a t r i a z e n e and l e a d to r i n g breakdown, e.g. 
3"^CN 2 • (SNCl)„ 3 XC=NSC1 • 3Np 3 3 9 
C F 3 J F 3 C ^ 
333 HO -|b> * (SNC1) 3 ' P y ^ r > (9=^>=N)88 
O x i d i s i n g Agents 
( S 0 3 ) 2 " anions are reduced to ( S 2 0 3 ) 2 " by ( S N C l ) a n d N0 2 
o x i d i s e s ( S N C l ) 3 to (NO) g S . ^ 3 3 2 . 
i v ) Formation of Other Rings o r Cages 
The formation of var i o u s s i z e s of r i n g s and cages from t r i -
c h l o r o c y c l o t r i t h i a t r i a z e n e r epresents the most v e r s a t i l e p r e p a r a t i v e 
use of t h i s compound. 
Five-membered Rings 
Di t h i a d i a z o l i u m s a l t s can be prepared by r e a c t i o n with n i t r i l e s 3 ^ 1 " " 
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o r alkenes ' 
/N—S- ^  
RC=N 4- (SNCl)~ P- R—CCT + (R =Ph, CC1 ? or tBu) 
C l ^ / C I / N — 
.c=c • ( S N C I ) ~ — " C i c - c + | " ; c i " 
C l - ^ ~^C1 J J X N — S - ~ 
1,2,5 - t h i a d i a z o l e s have been prepared i n small y i e l d s from alkenes, 
(»oi)3 • H > = o C H 
H H R-^ X R 
and i s o t h i a z o l e s have been i s o l a t e d from r e a c t i o n products of 
(SNCl)-j with c h o l e s t e r y l a c e t a t e 3 3 3 . 
+ ( S N C I ) , p y r l d i ^ e McoVV "ACO A c O ^ A ^ > ' 3 ^ c u I I A c 0 l Y N—S S — N 
21 
D e r i v a t i v e s of the S^Ng r i n g can be i s o l a t e d by r e a c t i o n with NO , 
S 2 C 1 2 3 ' 3 1 2 ' 3 ^ or HBr 3* 5 
24N0 + (S N C l ) ^ > 6S 3N 2C1 + 12N0C1 • 3 S 2 C 1 2 + 12N 20 
3 S 2 C 1 2 + 2(SNC1) 3 > 3S 3N 2C1 2 + 3SC1 2 
6HBr + 2(SNC1) 3 ~ 6 H C 1 > 2 ( S N B r ) 3 » 2 S 3 N 2 B r 2 • N 2 + B r 2 
Six-membered Rings 
Three d i f f e r e n t types of six-membered r i n g have been prepared. 
The monochloride S 3N 3C1 has been known s i n c e 1932^ , but only 
r e c e n t l y has a repeat preparation been reported from ( S N C l ) 3 and 
3S^N U + 2(SNC1) 3 ^6S 3N 3C1 
With cycloazaheptasulphane (S^NH) the intermediate SgN 2 i s 
o o Q 
postulated and some of the S^Ng decomposes to fowm sj^N^ and sulphur , 
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(SNC1) 3 + 3S?NH P y r i d i n ^ 3(SgN 2) + 3Py.HCl 
\ 
S^N 2 + 12S 
The r e a c t i o n of e t h y l h y p o c h l o r i t e (CgH^OCl) with ( S N C l ) ^ produces 
the unusual and improbable c y c l i c compound with the sulphur atoms 
332 
i n d i f f e r e n t o x i d a t i o n s t a t e s and only s i n g l e bonds i n the r i n g . 




( S N C l ) 3 r e a c t s w i t h S^NH or S^N^H^ i n the absence of p y r i d i n e 
to form ( S ^ N 3 ) ( C 1 ) 1 5 0 . 
(SNC1) 3 • S?NH — *-S^N^.4HCl — 2 ^ — » • S ^ C l 
o r S ^ N ^ 
Eight-membered Rings and Cages 
( S N C l ) 3 r e a c t s w i t h O N ( C F 3 ) 2 to form the t e t r a m e r i c 
(NSON(CF 3) Z ) I ^ ° 6 ' With the Lewis a c i d , SbOl^i t r i c h l o r o c y c l o t r i -
t h i a t r i a z e n e undergoes a complex rearrangement to form 
( S ^ N ^ ) ( S b C l g ) 2 , and n e u t r a l c y c l o t e t r a t h l a t e t r a z e n e (S^N^) i s 
produced by the r e a c t i o n of S^N^H^ w i t h p y r i d i n e and ( S N C l ) 3 i n 
325 
b o i l i n g carbon tetrachloride"^ . . 
Ten-membered Rings 
( S N C l ) 3 r e a c t s w i t h S^N^ and Lewis a c i d s to form ( s ^ N ^ ) + 
s a l t s 3 2 8 ' 3 2 9 . 
Other Reactions 
The r e a c t i o n of (SNCl)_ w i t h metal carbonyls appears to le a v e 
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the S^N^ r i n g i n t a o t e.g. 
Mo(CO) 6 * (SNC1) 3 • MoS 3N 3Cl 3 • 6CQ 
M o 2 S 9 N 3 C l 6 
The compound MoS 3N 3Cl 3 r e a c t s with moist a i r to form S 0 2 suggesting 
the presence of S-Cl bonds and i t can only be d i s s o l v e d i n p o l a r 
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s o l v e n t s , implying that the compound i s polymeric 
Experimental 
Reactions of T r i c h l o r o c y c l o t r i t h i a t r i a z o n o 
1. Reactions w i t h Lewis Bases 
a) With n-butyl l i t h i u m 
A suspension of t r i c h l o r o c y c l o t r i t h i a t r i a z e n e (1.4 g, 0.0057 mol) 
i n dry hexane (20 ml) was f r o z e n to -196°C and n-butyl l i t h i u m i n 
hexane (10 ml, 1.51 M, 0.0151 mol) was added. The r e a c t i o n mix-
ture was s t i r r e d and allowed to warm to room temperature. The 
brown s o l u t i o n s l owly deposited a green p r e c i p i t a t e over two hours 
a t room temperature and t h i s was f i l t e r e d and found to be mainly 
L i C l . The brown s o l u t i o n was evaporated slowly d e p o s i t i n g a yellow 
brown p r e c i p i t a t e which was f i l t e r e d and pumped to dryness under 
vacuum. As n i t r o g e n was admitted to b r i n g the p r e s s u r e i n the 
f l a s k back to atmospheric, the p r e c i p i t a t e suddenly changed colour 
from brown to red and a f o u l s m e l l i n g red gas was evolved. The 
red p r e c i p i t a t e was e x t r a c t e d with carbon t e t r a c h l o r i d e (20 ml). 
Yellow c r y s t a l s ( l ) formed s l o w l y i n the red s o l u t i o n and they 
were f i l t e r e d and pumped to dryness. The s o l u t i o n was pumped dry i n 
vacuo and a red s o l i d remained ( 2 ) . The yellow c r y s t a l s ( l ) had 
mp. 85 - 89°C. Calcd. f o r C l ^ S ^ CI, 43.56; N, 17.18; S, 39-26. 
Pound: CI , 35.^2- N, 19.00; S, 42.09$. I . r . (Nujol mull) absorp-
t i o n s occurred (cm" 1) a t 1330m, 1268w, 1245w, 1080sh, 10l8vs, 967s, 
710m,671w, 630w, 587m, 560m, 526s, 500w, 474m, 456ra, 399s. 
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The red s o l i d (2) showed i . r . (Nujol mull) absorptions ( cm - 1) at 
3lU5s, 3055s, l 4 l l v s , 1268w, 1200w, ll62w, 933s, 805w(broad), 733m, 
706s, 557s, which i s the spectrum of S^N^ contaminated with N-H 
groups. 
b) With p y r i d i n e 
P y r i d i n e (1.55 nil, 0.0190 raol) was added to t r i c h l o r o c y c l o -
t r i t h i a t r i a z e n e (1.6 g, O.OO65 mol) suspended i n carbon t e t r a -
c h l o r i d e (30 ml) a t room temperature. The suspended (SNCl)^ 
d i s s o l v e d , producing a yellow s o l u t i o n which slowly turned green 
and deposited a yellow p r e c i p i t a t e ( l ) . T h i s was f i l t e r e d and the 
green s o l u t i o n l e f t standing f o r a week, deposited black c r y s t a l s ( 2 ) . 
Yellow c r y s t a l s ( l ) : - Calcd. f o r C 1 0 H 1 Q N 2 S 2 C 1 2 : C, 40.96; H, 3-41; 
CI, 24.23; N, 9.56; S, 21.84. Found: C, 41.08; H, 3.63; C I , 25.35; 
N, 10.16; S, 19.84$. I . r . (Nujol mull) absorptions occurred at 
(cm" 1 ) : 3l40s, 3060vs, 2950s, 2105m, 1638m, l 6 l 4 s , 1539s, l489vs, 
1388m, 1364m,1340w, 1286m, 1256m, 1199m, 1170w, ll42w, 1047m, 1004m, 
925w(br), 790m, 754vs, 681vs, 6llm. Major mass s p e c t r a l peaks a t 
150°C ( r e l a t i v e i n t e n s i t i e s and assignments are given) were found 
at m/e: 184(3) , 138(10) S ^ * , 120(9) C ^ N S t 119(25) 
C 5H 3NS +, 118(13) C 5H 2NS +, 92(31) S ^ g * , 79(100) C ^ N * , 78(28) 
C 5H 4N +, 64(55) S 2 t 52(100) C^H^N*, 51(62) C^H3N*f 50(3?) C 4H 2N +, 
46(35) SN +. The bla c k c r y s t a l s (2) were very d i f f i c u l t to mull but 
had e s s e n t i a l l y the same i n f r a - r e d spectrum as ( l ) . 
2. Reactions with Alkenes and Alkynes 
a) With cyclohexene 
Cyclohexene (30 ml, O.296 mol) was added to a suspension of 
t r i c h l o r o c y c l o t r i t h i a t r i a z e n e (1.5 g, 0.0057 mol) i n hexane (20 ml) 
and s t i r r e d a t room temperature. The i n i t i a l y e llow suspension 
turned brown overnight and deposited a brown p r e c i p i t a t e . T h i s was 
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f i l t e r e d l e a v i n g a red s o l u t i o n which was pumped under vacuum to 
give a red brown o i l . The brown p r e c i p i t a t e was washed with 
hexane (10 m l ) , f i l t e r e d and pumped to dryness. An attempt to 
sublime t h i s residue r e s u l t e d i n the c o l l e c t i o n of a red o i l ( l ) 
from the brown s o l i d ( 2 ) . 
The red o i l ( l ) showed i . r . (Nujol mull) absorptions (cm" 1) 
a t : 2940vs, 2860s, l450vs, 1340m, 1270m, 1204s, 1195s, 1007s, 
987s, 911s, 868m, 848m, 835s, 820s, 735s, 695s, 6 l 5 s . 
The brown s o l i d (2) showed i . r . (Nujol mull) absorptions ( c m - 1 ) 
a t : 3 l 4 0 v s ( b r o a d), 3045vs, 2940s, 2860s, l 4 4 5 s ( s h ) , l 4 l 0 v s , 1340w, 
1202w(sh), 1192m, 1026w, 1007w, 987w, 932vs, 870w, 848w, 833w, 
820w, 772w, 732s, 705vs, 621m, 557vs, 536m, 420w, 353s. A n a l y s i s 
found: C, 16.67; H, 4.06; C I , 24.27; N, 21.21; S, 33.79^. 
b) With octachlorocyclopentene 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e (3.5 8t 0.0143 mol) was added to 
octachlorocyclopentene (14.0 g, 0.0407 mol) i n carbon t e t r a c h l o r i d e 
(50 ml) and s t i r r e d a t 42°C f o r two days. The i n i t i a l y e l l o w 
s o l u t i o n turned green on warming to 42°C D u * became yel l o w when 
cooled, forming l a r g e y e l l o w c r y s t a l s . These were f i l t e r e d and 
pumped to dryness. The i n f r a - r e d spectrum showed t h a t these were 
unreacted s t a r t i n g m a t e r i a l s . The experiment was repeated by 
h e a t i n g t r i c h l o r o c y c i o t r i t h i a t r i a z e n e (2,0 g, 0.0082 mol) w i t h 
octachlorocyclopentene (8.5 g, 0.0247 mol) f o r two days a t 70°C. 
The octachlorocyclopentene melted a t 4o°C forming a green s o l u t i o n 
and an orange sublimate ( l ) formed a t the top of the f l a s k . On 
c o o l i n g the s o l u t i o n s o l i d i f i e d as y e l l o w c r y s t a l s ( 2 ) . 
The orange sublimate ( l ) showed i . r . (Nujol mull) absorptions 
(cm" 1) a t : 1018 ra, 942vs, 728s, 720s, 587m. Calcd. f o r ClgNgSy 
C I , 36.41; N, 14.36; S, 49.23. Pound: C, 0.85; H, 0.00; C I , 38.21; 
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N, 12.92- S, hi. 97$> 
The y e l l o w c r y s t a l s ( 2 ) , a n a l y s i s found: C, 13.985 H, 0.00; 
CI, 7^.76; N,3.50; S, 7.82* corresponding to C ^ ^ C l g o 0 N 1 > o 2 S i • 
I . r - ( N u j o l mull) absorptions occurred ( c m - 1 ) a t : l 6 l ^ s , 1588w, 
1268w, 1193vs, 1159m, 1038m sh, 1020s, 9^8w, 909m, 892m, 821m, 
76 l v s , 712m, 688s, 660s, 652s, 60,0m, 523m, 399m. 
c) With diphenyl acetylene 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e ( l . O g, 0.00^1 mbl) was added to 
diphenyl a c e t y l e n e (2.1 g, 0.0118 mol) i n ether (20 ml.) and s t i r r e d 
a t room temperature. The yellow suspension turned green and 
deposited an orange s o l i d a f t e r four hours and a f t e r twenty four 
hours the s o l u t i o n had turned red and the orange s o l i d had become 
green/yellow. T h i s was f i l t e r e d and pumped to dryness. I . r . 
(Nujol mull) absorptions occurred ( c m - 1 ) a t : 1175s, 998vs, 962m, 
9^0m, 893w, 8^6w, 762w, 724w, ?0lm, 688m, 589w, 572m, ^76s, k60m. 
Corresponding to the spectrum of ( S ^ N ^ ^ C l ) with some ( S ^ N 2 C l ) ( C l ) 
and " ( S 3 N 2 ) ( C 1 ) " as i m p u r i t i e s . 
3. S u b s t i t u t i o n Reactions 
a) With hexa.f l u o r o a c e t i c anhydride 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e (1.3 g,0.005 2mol) was added to 
h e x a f l u o r o a c e t i c anhydride (5ml, 0.016 mol) i n carbon t e t r a c h l o r i d e 
(30 ml) and s t i r r e d a t room temperature. The yellow s o l u t i o n slowly 
turned red over three hours. The s o l u t i o n was pumped gently under 
vacuum u n t i l yellow c r y s t a l s p r e c i p i t a t e d . These were f i l t e r e d and 
found to be (S N C l ) ^ from t h e i r i n f r a - r e d spectrum. The r e a c t i o n 
mixture was taken up to r e f l u x temperature f p r two hours. A red 
s o l i d formed i n the r e f l u x condenser and a yellow s o l i d was deposited 
from the s o l u t i o n . These were found to be (S^ N g C l ) ( C l ) 
and ( S ^ N _ ) ( c i ) r e s p e c t i v e l y from t h e i r i n f r a - r e d s p e c t r a . 
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b) With l i t h i u m bromide 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e (4.0 g, 0.0164 mol) was added to 
excess of l i t h i u m bromide (7.0 g, 0.0806 mol) i n phosphoryl c h l o r i d e 
(4o ml). The yellow s o l u t i o n turned green and deposited a white 
p r e c i p i t a t e immediately. On h e a t i n g to 4o°C f o r h a l f an hour the 
s o l u t i o n became red and deposited an orange p r e c i p i t a t e . T h i s 
was f i l t e r e d and pumped to dryness. I . r . (Nujol mull) absorptions 
occurred ( c m - 1 ) at 1065vs, 1010 vs, 678m(sh), 568m, 475vs. 
Reaction of (SNCl)^ with Sulphur D i c h l o r l d e and Boron T r i c h l o r i d e 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e (2.2 g, 0.0090 mol) was d i s s o l v e d 
i n t h i o n y l c h l o r i d e (20 ml) and boron t r i c h l o r i d e (4.5 ml, 0.027 mol 
added by a vacuum t r a n s f e r process. Immediately a yellow p r e c i p i t a t 
formed i n the red s o l u t i o n . Sulphur d i c h l o r i d e (5.0 ml, 0.030 mol) 
was added and the mixture s t i r r e d f o r two hours. The yellow 
p r e c i p i t a t e became t h i c k e r and the s o l u t i o n changed from red to 
yellow. T h i s p r e c i p i t a t e ( l ) was f i l t e r e d , pumped c a r e f u l l y to 
dryness and then sublimed at room temperature onto a cold f i n g e r 
where i t c o l l e c t e d as a. red s o l i d . T h i s e l i m i n a t e d a v o l a t i l e 
l i q u i d (BCl^) and turned y e l l o w on warming to room temperature(2). 
The compound had a considerable vapour pressure even at room 
temperature. A n a l y s i s of ( l ) found; CI , 63.75; N, 3.26-, S, 25.03; 
B (by d i f f e r e n c e 7.96). Calcd. f o r BgClgNgSy B,5.2; CI, 66.0; 
N, 5.2; S, 22.3^. Calcd. f o r BC^NgSy B, 3-5; CI , 57.2; N, 9.0$. 
S, 3Q.9#. Calcd. f o r BClgNSg-. B, 3.6; C I , 70.3; N, 4.7; S, 21.4$. 
I . r . ( N u jol mull) absorptions occurred (cm""1) a t : 1120w, 989s, 
950vs, 7199. 702m, 670ra, 523m, 496s, 453vs. A n a l y s i s of yellow 
sublimate (2) found; C I , 68.24; N,, 5.16; S, 22.53; B (by d i f f e r e n c e 
4.07). I . r . (Nujol mull) absorptions occurred (cm" 1) at 1123m, 
991w, 952m, 74om(sh), 720s, 7o4vs, 696vs, 668vs, 655vs, 523s, 5 l 6 s , 
5 0 0 s ( s h ) . 
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R e a c t i o n o f ( S N C l ) ^ w i t h N i t r i l e s 
a) W i t h t r i c h l o r o a c e t o n i t r i l e . 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e ( 2 . 4 g, 0.0098 m o l ) was d i s s o l v e d 
i n t r i c h l o r o a c e t o n i t r i l e ( 2 0 m l , O.096 m o l ) a n d r e f l u x e d f o r 24 
h o u r s . The i n i t i a l g r e e n s o l u t i o n t u r n e d b r o w n and t h e n r e d a f t e r 
t h r e e h o u r s and d e p o s i t e d o r a n g e c r y s t a l s . The p r o d u c t ( 3 . 1 s) 
was f i l t e r e d f r o m t h e c o l d s o l u t i o n a nd r e c r y s t a l l i s e d t w i c e f r o m 
t h i o n y l c h l o r i d e (40 m l / g ) t o g i v e 1.7 g o f p r o d u c t , m.p. 221-2°C 
(hZi b a s e d o n ( S N C l ) ^ ) . I . r . a b s o r p t i o n s o c c u r r e d ( c m - 1 ) a t 1280w, 
I075w, 1055s, 1024w(sh), 9 H w , 8 6 l s , 8 2 7 s ( s h ) , 8 l 8 v s , 796vs, 765m, 
678vs, 673w(sh), 548s, 542w(sh), 520w. s o l u t i o n s i n CH 3CN ( d r i e d 
s p e c t r o s c o p i c g r a d e ) a b s o r b e d b e t w e e n t h e c u t - o u t a t ~210nm a n d 
700nm, a t 228 nm ( 6 = 7550) and 262 nm ( s h o u l d e r , e = 2315). 
S o l u t i o n s decompose q u i t e q u i c k l y . Mass s p e c t r a l p eaks a t 200°C ( w i t h 
r e l a t i v e i n t e n s i t i e s ) w e r e : C g C l ^ g S g , 225(5), 223(l4), 221(13); 
C 2 C 1 2 N 2 S 2 ' 1 9 0 ( l 6 ) , 1 8 8 ( 7 3 ) , 1 8 6 ( 1 0 0 ) ; CgClgNS, l42(l4) , l4o(2l); 
CC1 3, 121(4), 1 1 9 ( 1 1 ) , 117(H); C 2C1 2N, 1 1 0 ( 8 ) , 1 0 8 ( 1 3 ) ; C C l g , 
8 4 ( 1 3 ) , 8 2 ( 9 ) ; . N S 2 , 78(39); CS 2, 76(55); S 2, 64(88); C 2N 2, 5 2 ( 4 4 ) ; 
SN, 46(50). A n a l y s i s f o u n d : C, 9.27; C I , 55.23; N, 10.71; S, 25.12. 
C a l c d . f o r CgCl^NgSg: C, 9.31; C I , 55-00; N, 10.86; S, 24.82$. 
b ) W i t h b e n z o n i t r i l e 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e (13 g, 0.053 2 m o l ) was a d d e d t o 
b e n z o n i t r i l e (6.2 m l , 0.0602 m o l ) i n c a r b o n t e t r a c h l o r i d e (.20 m l ) 
and s t i r r e d a t 60°C f o r two d a y s . The i n i t i a l o r a n g e / y e l l o w 
s o l u t i o n t u r n e d g r e e n a n d t h e n r e d , d e p o s i t i n g a n o r a n g e p r e c i p i t a t e 
a f t e r one a n d a h a l f h o u r s . S t i r r i n g a t 60°C was c o n t i n u e d f o r two 
day s a n d t h e n t h e s o l u t i o n was a l l o w e d t o c o o l , d e p o s i t i n g o r a n g e 
n e e d l e s , w h i c h were f i l t e r e d a nd r e c r y s t a l l i s e d f r o m n i t r o b e n z e n e 
(50 m l / g ) m.p 201-203°C, ( y i e l d 6.5 g, 50% b a s e d o n b e n z o n i t r i l e ) . 
A n a l y s i s f o u n d : C, 38.65; H, 2.06; C I , 15.85; N, 12.45; S, 30.29. 
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C a l c d . f o r C ^ C I N ^ : C, 38.80; H, 2.31; C I , 16.38; N, 12.94; S, 
29.571&. I . r , a b s o r p t i o n s o c c u r r e d ( c n f 1 ) a t 3020w, 1598w, 1584w, 
l451vs, 1370vs, 1346s, 1299m, 1213m, 1176w, 1153m, 107^w, 10U5w, 
1029m, 1006w, 9^7w, 926ra, 898vs, 847s, 789vs, 76lm, 699vs, 670m(sh), 
553s. M a j o r mass s p e c t r a l peaks a t 200°C ( r e l a t i v e i n t e n s i t i e s 
a r e g i v e n ) o c c u r r e d (m/e) a t : PhCNgSg, 1 8 1 ( 9 ) ; PhCNgS, 1 4 9 ( 3 ) ; 
PhCNS, 135(6); PhCNH 2, 105(3); PhCNH, 104(10); PhCN, 103(100); 
C 6H 4CN, 102(2); N S 2 > 7 8 ( 9 ) ; C 6 K y 7 7 ( 9 ) ; CgH^, 76( 31) ; , 75(31); 
S 2 ( S 0 2 ) , 6 4 ( 7 0 ) ; CNS, 58(15); ChHk, 52(18); , 5 l ( l 3 ) ; C UH 2, 
50(16); S N H 2 ( S 0 ) , 48(42); SN, 4 6 ( 1 0 ) ; CS, 44(9) . 
R e a c t i o n s o f 4 - t r i c h l o r o m e t h y l - 1 , 2 , 3 , 5 - d l t h i a d i a z o l i u m c h l o r i d e 
a) W i t h s o d i u m a z i d e 
Sodium a z i d e ( o . l g, 0.0015 m o l ) was added t o ( C C 1 ^ C N 2 S 2 ) ( C l ) 
(0.4 g, 0.0016 m o l ) i n t e t r o h y d r o f u r a n (20 m l ) and s t i r r e d a t 0°C. 
The i n i t i a l o r a n g e s o l u t i o n t u r n e d y e l l o w , t h e n y e l l o w / g r e e n o v e r 
20 h o u r s and d e p o s i t e d a w h i t e p r e c i p i t a t e w h i c h was f o u n d t o be 
u n r e a c t e d s o d i u m a z i d e f r o m i t s i n f r a - r e d s p e c t r u m . The y e l l o w / 
g r e e n s o l u t i o n was f i l t e r e d a nd pumped u n d e r vacuum u n t i l a r e d 
o i l r e m a i n e d w h i c h was f o u n d t o be u n r e a c t e d s t a r t i n g m a t e r i a l i n 
t e t r a h y d r o f u r a n f r o m i t s i n f r a - r e d s p e c t r u m . 
b ) W i t h l i t h i u m a z i d e i n t e t r a h y d r o f u r a n 
L i t h i u m a z i d e (0.2 g, 0.0041 m o l ) was added t o ( C C l ^ C N g S g ) ( C l ) 
(1.0 g, 0.0039 m o l ) i n t e t r a h y d r o f u r a n (50 m l ) a n d s t i r r e d a t room 
t e m p e r a t u r e . The i n i t i a l o r a n g e s o l u t i o n s l o w l y c h anged t o y e l l o w 
and a creamy w h i t e s o l i d p r e c i p i t a t e d a f t e r f i v e h o u r s . T h i s was 
f i l t e r e d a n d f o u n d t o be u n r e a c t e d l i t h i u m a z i d e . The f i l t r a t e was 
pumped u n d e r vacuum u n t i l a r e d o i l r e m a i n e d w h i c h was m a i n l y 
u n r e a c t e d s t a r t i n g m a t e r i a l i n t e t r a h y d r o f u r a n . 
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c) W i t h l i t h i u m a z i d e i n a c e t o n i t r i l e 
L i t h i u m a z i d e ( 0 . 2 g, 0.00^1 m o l ) was added t o ( C C l ^ C N g S g ) ( C l ) 
( 1 . 0 g, 0.0039 m o l ) i n a c e t o n i t r i l e (50 m l ) and s t i r r e d a t room 
t e m p e r a t u r e . The i n i t i a l o r a n g e s o l u t i o n became r e d and d e p o s i t e d 
a w h i t e p r e c i p i t a t e . T h i s was f i l t e r e d a nd f o u n d t o be l i t h i u m 
a z i d e . The f i l t r a t e was pumped t o d r y n e s s l e a v i n g a r e d / b r o w n s o l i d . 
I . r . ( N u j o l m u l l ) a b s o r p t i o n s o c c u r r e d ( c m " 1 ) a t 2315w, 2285m, 
ZlkOm, 1268s, 1175m, 1068m(sh), 1022s, 990m s h , 939m, 870m, Stym, 
8 l 2 m ( s h ) , 779s, 729s, 640m, 558m. 
d) W i t h l i q u i d ammonia. 
4 - T r i c h l o r o r a e t h y l - l , 2 , 3 , 5 - d i t h i a d i a z o l i u m c h l o r i d e ( 2 . 0 g, 0.0078 m o l ) 
was add e d , w i t h s t i r r i n g , t o ammonia (25 m l ) d r i e d o v e r s p d i u m a t 
_78°C. A v i g o r o u s r e a c t i o n o c c u r r e d i m m e d i a t e l y and t h e o r i g i n a l 
o r a n g e s o l u t i o n became p u r p l e / b r o w n a n d d e p o s i t e d a p u r p l e / b r o w n s o l i d . 
T h i s was f i l t e r e d a n d pumped t o d r y n e s s b u t was f o u n d t o be i m -
p o s s i b l e t o m u l l . E t h e r (25 m l ) was added t o s o l i d f o r m i n g a r e d 
s o l u t i o n w h i c h was f i l t e r e d a n d pumped s l o w l y . No c r y s t a l s f o r m e d , 
so t h e e t h e r was removed c o m p l e t e l y , i n v a c u o , l e a v i n g * a r e d b r o w n 
s o l i d . I . r . ( N u j o l m u l l ) a b s o r p t i o n s o c c u r r e d ( c m " 1 ) a t 3125vs 
( b r o a d ) , . 3040vs ( b r o a d ) , 1^05vs, 1270s, 1237m, 1105m( b r o a d ) , 1026s, 
867m, 860m(sh), 795s, 780s, 732s, 707w, 630m, 550m, 5l9w. 
R e a c t i o n s o f 4 - p h e n y l - l , 2 , 3 , 5 - d i t h i a d i a z o l i u m c h l o r i d e 
a) W i t h damp a t m o s p h e r e 
4 - P h e n y l - l , 2 , 3 , 5 - d i t h i a d i a z o l i u m c h l o r i d e was l e f t s t a n d i n g 
i n a i r f o r 10 m i n u t e s . I . r . ( N u j o l m u l l ) a b s o r p t i o n s o c c u r r e d 
( c m " 1 ) a t 3420w(broad), 2060vs, 1269vs, 1056s, 1020m, 976m, 960m, 
808m, 75^s, 730m(sh), 68lw, 620w, l*92s, Wm. 
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b ) W i t h n i t r i c a c i d 
4 - P h e n y l - l , 2 , 3 , 5 - d i t h i a d i a z o l i u m c h l o r i d e (0.7 g, 0.0032 m o l ) 
was added t o c o n c e n t r a t e d n i t r i c a c i d (5 m l ) and s t i r r e d a t room 
t e m p e r a t u r e . T h e r e was an i m m e d i a t e , v i g o r o u s r e a c t i o n e v o l v i n g 
NOg * n e s o l u t i o n d e p o s i t e d a w h i t e p r e c i p i t a t e . T h i s was 
f i l t e r e d a n d pumped u n d e r vacuum b u t n o t a l l t h e l i q u i d c o u l d be 
removed. The c r y s t a l s were washed w i t h c a r b o n t e t r a c h l o r i d e ( 2 0 m l ) 
and e t h e r ( 2 0 m l ) a n d pumped t o d r y n e s s . Found : C, 29.89; H, 3.67; 
C I , 0.00; N, 11.37; S, 19.85; 0 ( b y d i f f e r e n c e ) 35.22. C a l c d . f o r 
C 7 H g N 2 0 6 S 2 : C, 29.89; H, 2.84; N, 9-96; S, 22.78; 0, 34.16^. 
I . r . ( N u j o l m u l l ) a b s o r p t i o n s o c c u r r e d ( c m - 1 ) a t 3385m, 3160s, l680s, 
I6l2w, 1598w, 1525w, 1291m, 1 2 2 8 v s , 1173vs, 1068m, I037vs, 979w, 
942w, 875s, 791m, 724m, 700m, 663m, 6o4m, 579a, 446m. 
c ) W i t h a c e t i c a n h y d r i d e 
4 - P h e n y l - l , 2 , 3 , 5 - d i t h i a d i a z o l i u m c h l o r i d e ( 0.5 g, 0.0023 m o l ) 
was d i s s o l v e d i n a c e t o n i t r i l e (30 m l ) a n d a c e t i c a n h y d r i d e ( l m l , 
0.009 m o l ) added. On r e f l u x i n g f o r t h r e e h o u r s t h e o r a n g e s o l u t i o n 
t u r n e d r e d . T h i s d e p o s i t e d o r a n g e c r y s t a l s o f u n r e a c t e d s t a r t i n g 
m a t e r i a l o n c o o l i n g . 
d ) W i t h f e r r i c c h l o r i d e 
F e r r i c c h l o r i d e (2.25 g, 0.0139 m o l ) was added t o 4 - p h e n y l -
1 , 2 , 3 , 5 - d i t h i a d i a z o l i u m c h l o r i d e (3.0 g, 0.0139 m o l ) i n t h i o n y l 
c h l o r i d e (40 m l ) a n d t h e m i x t u r e s t i r r e d f o r 6 h o u r s a t room t e m p e r -
a t u r e . Orange p l a t e l e t s w h i c h f o r m e d s l o w l y o v e r t h i s t i m e w e r e 
f i l t e r e d a n d r e c r y s t a l l i s e d f r o m t h i o n y l c h l o r i d e ( 2 0 m l / g ) . 
Y i e l d 4.7 g (89.4^), ra.p.l46-l48°C, f o u n d : C, 21.95; H, 1.52; C I , 
37.03; N, 7.58; S, I6.99. C a l c d . f o r C ^ C l ^ F e N g S g : C, 22.18; 
H, 1.32; C I , 37.44; N, 7.39; ^S, 16.89^. I . r . ( N u j o l m u l l ) a b s o r p t i o n s 
o c c u r r e d ( c m - 1 ) a t l608w, l600w, 1588w, 1507m, l409vs, l 4 0 2 v s , 
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1347s, 1300m, 1266w, 1201s, H88w, 1169s, HOOw, 1076w, 1050w, 1035m, 
998w, 980w, 935s , 920vs , 848m, 780vs , 729m, 702vs, 688s, 672m, 623w, 
566s, 495w, 412s, 392s, 369s, 34os. 
e) With sodium Iodide i n l i q u i d sulphur dioxide 
Sodium iodide ( 1 . 5 g, 0.01 mol) was added, w i t h s t i r r i n g , to 
4-ph e n y l - l , 2 , 3 , 5 - d i t h i a d i a z o l i u m c h l o r i d e (2.0 g, 0 .0092 mol) i n 
l i q u i d S 0 2 ( 25 ml) a t -78°C. The yel l o w s o l u t i o n became green and 
deposited a yellow p r e c i p i t a t e . The s o l u t i o n was f i l t e r e d a t low 
temperature and the sol v e n t was removed l e a v i n g yellow p l a t e l e t s 
o f (PhCNgSg)(Cl). The residue was pumped to dryness and washed 
w i t h carbon t e t r a c h l o r i d e (30 ml) which e x t r a c t e d iodine l e a v i n g a 
multi c o l o u r e d s o l i d . I . r . (Nujol mull) absorptions occurred ( c m - 1 ) 
a t l664vs, 1583w, 1510w, 1288m, 1223s, 1172vs, 1075m, 1037s, 1005w, 
980w, 874s, 788m, 723w, 699m, 598s, 582s, 445m. The same spectrum 
as the product from the r e a c t i o n with concentrated n i t r i c a c i d . 
f ) With sodium i o d i d e i n dichipromethane 
Sodium iodide (1.0 g, O.OO67 mol) was added to 4-phenyl-l,2, 3 , 5 -
d i t h i a d i a z o l i u m c h l o r i d e i n dichloromethane (150 ml) and s t i r r e d a t 
room temperature f o r three hours. The orange s o l u t i o n slowly turned 
r e d and deposited a white p r e c i p i t a t e ( l ) which was f i l t e r e d and 
pumped to dryness. A brown s o l i d (2) remained a f t e r removing the 
so l v e n t from the f i l t r a t e i n vacuo. I . r . (Nujol mull) absorptions 
occurred (cm" 1) a t l600w, l46Qs, 1378s, 1358m, 1181w, 1028m, 972m, 
860m, 832vs, 782vs, 694s, 676s , 520m. Found: C, 30 .02; H, 2.21; 
N, 9 .76; S, 22.41. Calcd. f o r C^INgS.,: C, 27 .27; H, 1.62; N, 9.09; 
S, 20.78^. 
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R e a c t l o n s o f ( S N C l ) ^ and D e r i v a t i v e s 
The r e a c t i o n s o f ( S N C l ) ^ have r a r e l y been t h e s u b j e c t o f 
m e c h a n i s t i c s t u d y , s o , i t i s o f t e n n e c e s s a r y t o l o o k a t r e l a t e d 
s y s t e m s i n o r d e r t o s u g g e s t r e a c t i o n p a t h s and p r o d u c t s . 
R e a c t i o n s o f T r i c h l o r o c y c l o t r i t h i a t r i a z e n e w i t h N u c l e o p h i l e s 
The r e a c t i o n o f t r i c h l o r o c y c l o t r i t h i a t r i a z e n e w i t h d i p h e n y l -
m e t h y l e n e a m i n o - l i t h i u m r e s u l t e d i n t h e f o r m a t i o n o f b i s - d i p h e n y l -
m e t h y l e n e a m i n o d i s u l p h i d e b y e l i m i n a t i o n o f n i t r o g e n ( c h a p t e r k). 
To f u r t h e r u n d e r s t a n d t h e mechanism, t h e r e a c t i o n o f ( S N C l ) ^ w i t h 
n - b u t y l l i t h i u m was a t t e m p t e d . The m a i n p r o d u c t was S^N^ b u t t h e 
f o u l s m e l l i n g p r o d u c t removed d u r i n g f i l t r a t i o n ( s u s p e c t e d t o be 
b i s - n - b u t y l d i s u l p h i d e ) was q u i c k l y d i s c a r d e d . No a t t e m p t was 
made t o r e p e a t t h i s r e a c t i o n due t o t h e a n t i s o c i a l n a t u r e o f t h e 
r e a c t i o n p r o d u c t s . 
I t was s u s p e c t e d t h a t t h e r i n g b r e a k d o w n i n t h e s e two c a s e s 
c o u l d have b e e n due t o u s i n g t o o s t r o n g a n u c l e o p h i l e so t h e r e a c t i o n 
o f ( S N C l ) ^ w i t h p y r i d i n e was s t u d i e d . The m a i n p r o d u c t f r o m t h i s 
r e a c t i o n was t h e compound (C^H^N) 2S2p^2' T n i s s a m e compound has. 
a l s o been made b y t h e r e a c t i o n o f p y r i d i n e w i t h d i s u l p h u r d i c h l o r i d e 
and was shown t o i o n i s e i n a c e t o n i t r i l e ^ . The p r o b a b l e s t r u c t u r e 
i s t h e r e f o r e : 
-N 2 + 2C1" 
The mass s p e c t r u m i n d i c a t e d t h a t s m a l l q u a n t i t i e s o f S^N^ were 
a l s o f o r m e d i n t h i s r e a c t i o n . A l t h o u g h B a r t o n and Bubb d e s c r i b e 
n u c l e o p h i l i c a t t a c k b y p y r i d i n e o n t h e n i t r o g e n s o f t r i c h l o r o c y c l o -
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t r i t h i a t r i a z e n e ^ - ^ , t h e i n i t i a l a t t a c k o f a n u c l e o p h i l e i s l i k e l y t o 
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C I \ S / N X S / C I 
-CI' 
78 8 1 318 
be on t h e s u l p h u r due t o t h e h i g h p o s i t i v e c h a r g e on t h i s atom; ' ' 
The. r e f e r e e t o B a r t o n a n d Bubb's p a p e r commented t h a t t h e f o r m a t i o n 
o f c h o l e s t a n o l s u l p h i t e f r o m c h o l e s t a n o l a n d ( S N C l ) ^ d e m o n s t r a t e d 
t h i s 3 3 3 . 
H O ^ 
(SNCl) 
R e l a t e d compounds a l s o r e a c t w i t h n u c l e o p h i l e s b y n u c l e o p h i l i c 
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The n u c l e o p h i l i c a t t a c k w o u l d p r o b a b l y p r o c e e d by one o f two r o u t e s : -
cu 
CI \ 
• \ N \ 
S-N 2 C l XS=N 
/ 
Nu 




2Nu * > 3 [Nu-SEN] + 
' i t i ,~ ^ . » - Z l l 
N2S2Cl2 
-3/ 7 No 
Z > 3[NuS-] + 
The r a d i c a l s combine t o f o r m ( N u S S N u ) ^ + i f t h e n u c l e o p h i l e i s 
n e u t r a l o r NuSSNu i f t h e n u c l e o p h i l e i s n e g a t i v e l y c h a r g e d . 
These r e a c t i o n p a t h s a c c o u n t f o r t h e m a i n p r o d u c t s o f n u c l e o -
p h i l i c a t t a c k o n ( S N C l ) ^ b u t w i t h b o t h n - B u L i a n d p y r i d i n e t h e 
p r o d u c t i o n o f S^N^ was n o t e d . B a r t o n a n d Bubb n o t i c e d t h e f o r m a t i o n 
o f S^N^ i n .small q u a n t i t i e s f r o m s o l u t i o n s o f ( S N C l ) ^ w i t h s m a l l 
333 
amounts o f p y r i d i n e " ^ . T h i s c o u l d be due t o h y d r o g e n a b s t r a c t i o n 
f r o m t h e n u c l e o p h i l e o r p o s s i b l y c o n t a m i n a t i o n o f t h e r e a c t i o n s b y 
t r a c e s o f w a t e r . 
ft 
R e a c t i o n s w i t h A l k e n e s a n d A l k y n e s 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e r e a c t s w i t h a l k e n e s t o p r o d u c e 
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t h r e e d i f f e r e n t t y p e s o f p r o d u c t : ; i s o t h i a z o l e s " ^ , t h i a d i a z o l e s ^ - ^ 
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a n d d i t h i a d i a z o l i u m s a l t s '^ . The t y p e o f p r o d u c t depends 
o n t h e s u b s t i t u e n t s o n t h e a l k e n e s a n d t h e c o n d i t i o n s u s e d . I t was 
t h e r e f o r e d e c i d e d t o s t u d y t h e mechanism t h r o u g h r e a c t i o n w i t h 
o t h e r a l k e n e s . 
The r e a c t i o n o f ( S N C l ) ^ w i t h c y c l o h e x e n e p r o d u c e d S^N^ an d 
1 , 2 - d i c h l o r o c y c l o h e x a n e as t h e m a i n p r o d u c t s . W i t h o c t a c h l o r o -
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c y c l o p e n t e n e t h e c a r b o n - c a r b o n d o u b l e b o n d r e m a i n e d u n t o u c h e d , t h e 
p r o d u c t s b e i n g c h l o r o c y c l o t r i t h i a d i a z e n i u m c h l o r i d e , ( S ^ N g C l ) ( C l ) , 
a n d an i n t i m a t e m i x t u r e o f s t a r t i n g m a t e r i a l s . The r e a c t i o n o f 
t r l c h l o r o c y c l o t r i t h i a t r i a z e n e w i t h d i p h e n y l a c e t y l e n e p r o d u c e d one 
m a j o r p r o d u c t , c y c l o t e t r a t h i a t r i a z e n i u m c h l o r i d e ( S ^ N ^ M c i ) , 
s l i g h t l y c o n t a m i n a t e d b y c h l o r o c y c l o t r i t h i a d i a z e n i u m c h l o r i d e 
( S ^ N g C l ) ( C l ) a n d c y c l o t r i t h i a d i a z e n i u m c h l o r i d e ( S , j N 2 ) ( c l ) . 
B u r t o n and Bubb d e s c r i b e d a mechanism o f e l e c t r o p h i l i c a d d i t i o n b y 
o o o 












•HCl N X N 
R R 
N o t o n l y i s t h e i n i t i a l e l e c t r o p h i l i c a t t a c k o n t h e n e g a t i v e c e n t r e 
u n l i k e l y b u t a t 80°C t h e r e a c t i v e s p e c i e s i n s o l u t i o n w i l l p r o b a b l y 
be t h e monomer N=3C1 and n o t t h e t r i m e r . 
The f o l l o w i n g a l t e r n a t i v e mechanism i s p r o p o s e d ( f r o m d i s c u s s i o n s 
o f t h e a u t h o r w i t h Dr. A, J . B a n i s t e r ) . 
( S N C 1 ) 3 •- ( X \ 3NSC1 - L£L 
i s 4 N 4 
(5) 3/2 ^ C = C ^ 
H 
N. N + 3/2 H 2S 
3NS. • 3C1-
(3) R. + 3/2 ~ \ C = C 
H' 
t R ^ 
c i s + t r a n s H — C — C — H 
c r C l 
N H 
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The r e v e r s i b l e process ( l ) has been, w e l l studied and the 
e q u i l i b r i u m l i e s w e l l over to the r i g h t at 80°C^ 2^. The j u s t i f i c -
a t i o n f o r the r e v e r s i b l e process (2) i s that c h l o r i n e was found to 
i n h i b i t the depolymerisation of ( S N C l ) ^ . Also i n hot s o l u t i o n s 
and i n the e a r l y stages of s o l u t i o n r e a c t i o n s of (SNCl)«j there i s 
a v i v i d green colour which could be due to NS- r a t h e r than NSC1 
because the l a t t e r i s only a pale green gas. 
Route (3) i s the simple a d d i t i o n of c h l o r i n e a c r o s s a double 
bond which i s w e l l documented and route (4) i s the o l i g o m e r i s a t i o n 
of SN* r a d i c a l s to form S^N^. There are good grounds f o r proposing 
route (5). ( i ) because S^N^ r e a c t s e a s i l y w i t h ethylene d i s p l a y i n g 
strong dehydrogenating p o w e r ^ and ( i i ) S^N^ r e a c t s with 9,10-
354 
dihydrophenanthrene to form a 1,2,5-thiadiazole^ v . 
S4 N4 S 4 N 4 
low y i e l d 
The o v e r a l l r e a c t i o n mechanism seems j u s t i f i e d because when ( S N C l ) ^ 
r e a c t s with acenapthylene, a l l three products of the scheme can 
,333 be i s o l a t e d ' 
(SNC1) 
80°C •3-> 
• S^N^ + c i s + t r a n s 
I n the r e a c t i o n of cyclohexene w i t h ( S N C l ) ^ no t h i a d i a z o l e 
was recovered. T h i s i s probably due to the f a c t that the tempera-
ture was too low. However, 1,2-dichlorocyclohexane and S^N^ were 
formed which suggests that stages 1-4 can occur at room temperature. 
T e t r a c h l o r o e t h y l e n e r e a c t s w i t h ( S N C l ) ^ at 121° C to form 
4 - t r i c h l o r o m e t h y l - l , 2, 3, 5-dithiadiazolium chloride-*** 2. T h i s r e a c t i o n 
i s complex and the d r i v i n g force f o r the formation of the i o n i c 
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p r o d u c t i s p r o b a b l y i t s i n s o l u b i l i t y i n t h e s o l v e n t u s e d ( C g C l ^ ) . 
A t t h e t e m p e r a t u r e s e m p l o y e d , ( S N C l ) ^ w o u l d e x i s t l a r g e l y i n i t s 
m o n o m e r i c f o r m and t h e r e w o u l d p o s s i b l y be an a p p r e c i a b l e c o n c e n t r a -
t i o n o f NS« a n d C I ' r a d i c a l s . T h e r e a r e many r o u t e s t h a t w o u l d l e a d 
t o t h e p r o d u c t , i n v o l v i n g a t t a c k b y NSC1, NS' o r Cl« on t h e C=C bond. 
A t t a c k b y NSCl w o u l d p r o b a b l y be f o l l o w e d by e l i m i n a t i o n o f a C l ~ i o n 
29 4 
t o t h e n i t r o g e n as t h i s i s v e r y s u s c e p t i b l e t o i o n i s a t i o n . 
{CI 
CI s—N C—5 CI 
I 
CI CI 
+ i : 
c i " 
C l S = N . / C I ..vrcri + / C I 
> ) = C ^ < + N S C 1 C l S = N — C = C ^ 
C l S = I T T C l - C l " I C l 
- c i 2 +C1 + r e a r r a n g e m e n t 
C l 
( 2 ) 
+ S = N . 
I — c c i „ 
S—N J 
A l t e r n a t i v e l y , a t t a c k b y t h e SN* r a d i c a l c o u l d f o l l o w much t h e 
same p a t h . W i t h o c t a c h l o r o c y c l o p e n t e n e h o w e v e r , once s t a g e ( 2 ) has 
b e e n r e a c h e d , a t t a c k b y f u r t h e r NSCl o r SN« u n i t s a p p e a r s u n l i k e l y 
b e c a u s e t h e C-R b o n d i s u n l i k e l y t o be b r o k e n . The most f a v o u r a b l e 
s t e p a p p e a r s t o be c h l o r i d e i o n o r r a d i c a l a t t a c k o n C^ w i t h 
. S=N. ^ C l 
0 1 > f = C C R R 
e l i m i n a t i o n o f NSCl t o p r o d u c e t h e o r i g i n a l p e r c h l o r o c y c l o a l k e n e as 
o b s e r v e d . I n b o t h t h e s e r e a c t i o n s ( S ^ N g C l ) ( C l ) was f o r m e d i n c o o l e r 
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p a r t s o f t h e a p p a r a t u s ^ % J . T h i s i s p r o b a b l y due t o f u r t h e r 
d e c o m p o s i t i o n o f NSCl t o n i t r o g e n a n d 'SCI r a d i c a l s . Two o f t h e s e 
c o m b i n e t o f o r m d i s u l p h u r d i c h l o r i d e , w h i c h i s known t o r e a c t w i t h 
NSC1 t o f o r m (S^NgClHcl) 
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3kk 
I n t h e r e a c t i o n b e t w e e n d i p h e n y l a c e t y l e n e and t r i c h l o r o c y c l o -
t r i t h i a t r i a z e n e t h e t e m p e r a t u r e was k e p t l o w so t h e r e a c t i v e s p e c i e s 
was p r o b a b l y t h e t r i m e r . The f a c t t h a t ( S j . N ^ C l ) , (S^NgCl) ( C l ) 
a n d " ( S j J ( C l ) " were f o r m e d i m p l i e s t h a t b r e a k d o w n o f t h e ( S N C l ) _ 3 * j 
r i n g t o f o r m d i s u l p h u r d i c h l o r i d e and n i t r o g e n i s one o f t h e m a j o r 
r e a c t i o n p a t h s . 
2 ( S N C 1 ) 3 > 3 S 2 C 1 2 + N 2 
D i s u l p h u r d i c h l o r i d e r e a c t s w i t h t r i c h l o r o c y c l o t r i t h i a t r i a z e n e 
t o f o r m ( S 3 N 2 ) ( C 1 ) 3 5 5 i n s m a l l q u a n t i t i e s a n d ( S ^ C l ) ( C l ) 
These can be f u r t h e r c o n v e r t e d t o ( S ^ N ^ ) ( C l ) w i t h d i s u l p h u r d i -
. , . . 267 c h l o r i d e 
2 ( S N C 1 ) 3 • 2 S 2 C 1 2 ^ ^ 
3 5 5 \ 2 ( S 4 N 3 ) ( C 1 ) • 2 S C 1 2 + 2 C 1 2 
V " /267 
3 ( S 3 N 2 ) ( C l ) + S C 1 2 + 5 / 2 C l 2 »(S 3N 2C1)(C1) + S C l g + C l g 
S u b s t i t u t i o n R e a c t i o n s 
The r e a c t i o n o f t r i c h l o r o c y c l o t r i t h i a t r i a z e n e w i t h t r i f l u o r o -
a c e t i c a n h y d r i d e was an a t t e m p t t o r e p l a c e c h l o r i n e atoms w i t h 
-OR g r o u p s i n w h i c h R has no a c t i v e h y d r o g e n s t o c o m p l i c a t e t h e 
r e a c t i o n . 
( S N C 1 ) 3 t 3CF 3C-0-CCF 3 > ( S N O ^ C F 3 ) 3 • C F ^ 
I t was hoped t h a t t h e ( S N 0 R ) 3 r i n g w o u l d be s t a b l e s i n c e o t h e r 
d e r i v a t i v e s have been made, (R = CHgCHgCl, C H ( C H 2 C l ) 2 > CH(CHgCl)CH 2B 
CH(CH 3)CHC1CH 3 a n d N ( C F 3 ) 2 ) 3 0 6 • 3 2 5 . 
However, t h e o n l y p r o d u c t s i s o l a t e d w e r e ( S 3 N 2 C l ) ( C l ) and 
( S ^ N 3 ) ( C l ) , s i n c e t h e r e a c t i o n t e m p e r a t u r e was q u i t e h i g h i n t h i s 
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r e a c t i o n (80°C) t h e s e p r o d u c t s can. be a c c o u n t e d f o r by t h e b r e a k d o w n 
o f NSCl ( s e e page 108 ) . 
W i t h l i t h i u m b r o m i d e i n p h o s p h o r y l c h l o r i d e t h e r e was an 
i m m e d i a t e r e a c t i o n p r o d u c i n g i m p u r e S^NgBr., c o n t a m i n a t e d w i t h 
S^N^Br. The s u b s t i t u t e d c y c l o t r i t h i a t r i a z e n e was p r o b a b l y . u n s t a b l e 
a n d decomposed ( c f . ( S N C l ) 3 + 3HBr j» S ^ N g B r ^ 5 ) . 
( S N C 1 ) 3 + 3 L i B r " 3 L 1 C 1 > ( S N B r ) 3 
u n s t a b l e 
S^N 3Br < (SNBr) S N 2 B r 2 + | N 2 + £fir2 
" B r 2 
The s t r u c t u r e o f S^NgBrg p r o b a b l y r e s e m b l e s t h a t o f ( S 3 N 2 C l ) ( C l ) 
7 
b e c a u s e i t f o r m s c o n d u c t i n g s o l u t i o n s i n n i t r o m e t h a n e ' . 
R e a c t i o n o f ( S N C l ) ^ w i t h B C l ^ and S C 1 ? 
T h e r e were t h r e e r e a s o n s f o r c a r r y i n g o u t t h i s e x p e r i m e n t . 
F i r s t , t h e c r y s t a l s t r u c t u r e o f ( N ( S C l ) 2 ) ( B C l ^ ) h a d b e e n d e t e r -
A 
m i n e d a n d t h e n i t r o g e n a n g l e was f o u n d t o . l i e o f f t h e d g N v s . SNS 
7 2 
l i n e ( C h a p t e r l ) . Second, t h e i n f r a r e d s p e c t r u m q u o t e d ' d i f f e r s 
32Q 
f r o m t h a t o f r e l a t e d compounds ' a n d t h e S-N a b s o r p t i o n s do n o t 
f i t t h e * S N - d S N c o r r e l a t i o n ( C h a p t e r 2 ) . T h i r d l y , C l a r k e 3 2 9 was 
u n a b l e t o p r e p a r e t h i s compound f r o m t h e ( S N C l ) 3 . B C l 3 a d d u c t , 
w h i c h meant t h a t h i s p r o p o s e d r e a c t i o n mechanisms were s u s p e c t . 
The c a t i o n has b e e n p r e p a r e d b y t h r e e r o u t e s and t h e f o l l o w i n g 
154 
mechanisms have b e e n p r o p o s e d , 
1) B C 1 3 + NSF 3 » C 1 3 B . N S F 3 -B-C^3-> (NSCl ) + B C 1 3 + B F 3 
(SC1) + ( B C 1 U ) _ ^ - 1 3 - S C 1 2 ^ 2 - S 2 C 1 2 + N 2 f N S C 1 NSCl • C l . 
j-NSCl 
( N ( S C 1 ) 2 ) ( B C 1 4 ) 
-110-
2) B C 1 3 + S C 1 2 
3) (SNC1)„ 
->(SC1) + (BC1^)- 1/3 (SNC1) 3-> ( N ( S C 1 ) 2 ) ( B C 1 4 ) 
NSC1 -> s 2 C 1 2 T "2 
C l . 
+ N. 
2 
( N ( S C 1 ) 2 ) ( B C 1 U ) ( S C 1 ) ( B C 1 4 ) ^ ° i . 3 — a C l . 
a l l i n v o l v i n g t h e e l e c t r o p h i l i c a t t a c k o f t h e ( S C l ) + i o n o n NSC1. 
N a b i and K h a l e q u e J J have i s o l a t e d 1:1 c o m p l e x e s o f S C l g w i t h A l C l ^ 
F e C l ^ and SbCl,, a n d c o n s i d e r them t o be c h l o r o s u l p h e n i u m s a l t s o f 
t h e t y p e ( s C l ) ( M C l , j Q r . However, i t i s d i f f i c u l t t o e n v i s a g e 
t h e p r e s e n c e o f a p o s i t i v e c h a r g e on m o n o c o o r d i n a t e s u l p h u r 
( S + n o r m a l l y 3 c o v a l e n t ) . 
C l a r k e - ^ 9 p r e p a r e d many d e r i v a t i v e s o f t h e ( N ( S C l ) 2 ) ' f c a t i o n 
b y r e a c t i o n o f s u l p h u r d i c h l o r l d e w i t h L e w i s a c i d a d d u c t s o f 
( S N C l ) ^ and he f a v o u r e d t h e f o l l o w i n g mechanism i n w h i c h t h e 
( S N C l ) ^ . L e w i s a c i d a d d u c t s a c t as s o u r c e s o f ( N S ) + . 
S0C1. 
(SNC1)_ + MC1„ . 
x '3 3 s o l v e n t 
( ( S = N ) — S C 1 2 ) + ( M C 1 4 ) " *-
SCI, 




(S=N)< S — C l 
' I 
C l 
r e a r r a n g e m e n t 
-> ( C l — S = N — S — C l ) + 
,357 T h i s k i n d o f mechanism i s s u p p o r t e d b y Mews"^' w h o , , u s i n g 
t h i o n i t r o s y l c a t i o n s ( N S ) + , i s o l a t e d as t h e h e x a f l u o r o - a r s e n a t e o r 
h e x a f l u o r o - s t i b a t e d e r i v a t i v e s , i n s e r t e d t h e m i n t o t h e p o l a r S-Cl 
b o n d s o f s u l p h u r d i c h l o r i d e . 
S 0 2 l i q u i d (NS)(MCI 6) + s c i 2 S+ 6 > C l - S - C l > ( C l - S - N = S - C l ) + 
( N S S ) + 
T h i s mechanism i s g e n e r a l f o r s u l p h o n y l c h l o r i d e s as t h e s a l t s 
- 1 1 1 -
( C F 3SNSC1)(MF 6) a n d ((CP^)gCdN-SNSCl)(MFg) have b e e n p r e p a r e d 
f r o m CF 3SC1 a n d (CF^) 2C=N-SC1, r e s p e c t i v e l y , w i t h ( N S ) ( M F ^ ) 3 5 7 . 
I n t h e r e a c t i o n o f t r i c h l o r o c y c l o t r i t h i a t r i a z e n e w i t h b o r o n 
t r i c h l o r i d e i n t h i o n y l c h l o r i d e s o l u t i o n a y e l l o w a d d u c t p r e c i p -
i t a t e d w h i c h was p r o b a b l y ( S N C l ) y ( B C l ^ ^ o r 2- I n t h e P ° o r d o n o r , 







B C I 3 11 v. 
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C l ^ / - N 
Q N



























BCL + 2 BCl-
(A) 
2 [Cl-S=N-S-Cl][BCl 4] 
[NS][BCl 4] 
SCL 
[ Cl-S-N-S-CUl BCl4l 
The i m p u r i t y ( S ^ N g C l ) ( B C l ^ ) i s p r e s u m a b l y c a u s e d b y a t t a c k o f 




4 C l 
.N-
+ C l . 
+ N c i 
N — S 
C l 
The i n f r a - r e d s p e c t r a o f a l l t h e b i s ( c h l o r o t h i o ) n i t r o g e n 
c a t i o n s a r e l i s t e d i n T a b l e 5.2. 
- 1 1 2 -
Table 5.2. 
Infra-red spectra of bis(chlorothlo)nitrogen cations. 
Ref. 72 Ref. 343 Ref. 92 Ref. 329 Ref. 92,329 Ref. 329 
(N ( S C 1 ) 2 ) + 
(BC1 4)" 
( N ( S C 1 ) 2 ) + 
(BC1 4)" 
( N ( S C 1 ) 2 ) + 
(A1C1 4)" 
( N ( S C 1 ) 2 ) + 
(A1C1 4)' 
( N ( S C 1 ) 2 ) + 
( S b C l 5 ) ' 
( N ( S C 1 ) 2 ) + 
( F e C l 4 ) " 










740m(sh) 738(sh) 735(sh) 735m(sh) 
720s 720s 718 721m 721m 720 721m 
705w 706w 704vs 695s 704(sh) 
696,668vs 655vs 657 654s 654s 657 654s 
65 2w 655vs 649(sh) 645(sh) 
525s 523s 524s 521s 518 
516s 516s 516 510s 511 517s 
499m 500s(sh) 500 505s 
490s 496 496s 494s 494s 




I t must be noted that the i n f r a r e d spectrum of ( N ( S C l ) 2 ) ( B C l ^ ) 
i s completely d i f f e r e n t from the other (N(SC1) 2) + s a l t s , so that 
i t appears to be a spectrum of decomposition products r a t h e r than 
a pure compound. I t f u r t h e r proves that the d versus )i graph 
can be used to point out e i t h e r suspect c r y s t a l s t r u c t u r e s o r 
i n c o r r e c t i n f r a - r e d s p e c t r a . The i n f r a - r e d spectrum of 
( N ( S C 1 ) 2 ) ( A l C l ^ ) 9 2 , taken at 80°C between AgCl p l a t e s , d i f f e r s 
s l i g h t l y i n the high frequency region from the s p e c t r a of the other 
s a l t s . The high temperature could a c c e l e r a t e atmospheric decom-
p o s i t i o n and give r i s e to N-H {iklO cm" 1) and S=0 (1220 cm""1) 
absorptions. 
I t i s p o s s i b l e to make a few t e n t a t i v e assignments of the 
spectrum of ( N ( S C l ) 2 ) ( B C l ^ ) . Waddington and Klanberg" 5- 5 8, i n a 
study of (BC1^)~ s a l t s , noted strong bands a t around 692 and 66k cm 
which they a t t r i b u t e d to and + ^ ) r e s p e c t i v e l y . Two strong 
bands at 696 and 668 cm - 1 are found i n ( N ( S C l ) 2 ) ( B C l ^ ) but are 
72 
s u r p r i s i n g l y m i s s i n g from the spectrum of Glemser et a l . Could 
i t be that there i s an e q u i l i b r i u m i n the p l a t e s such that the 
(BC1^)~ ion breaks down? 
( N ( S C 1 ) 2 ) ( B C 1 U ) C1-S-N=S; + B C l ^ g ) 
-1 
u c i 
SClg • NSC1 
Compounds of the type R-NsSC^ 1 have - ? S N i n the region 
1323 - 1^61 cm"1 2 8 8 ' 359,360 a n d N S C 1 a b s o r b s a t 1 3 2 ? c m - l l 6 i * ^ 
so the bands found i n t h i s region could be these breakdown products. 
Using c h a r a c t e r t a b l e s f o r the ( N ( S C 1 ) 2 ) + ion assuming C 2 v symmetry 
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E ^2 < v 
5 1 5 1 
3 -1 l 1 
X 0 15 -1 5 1 
x t 3 -1 1 1 
r 3 -1 - l -1 
^ t + r 6 -2 0 0 
^ t + r = ^ v i b 9 1 5 1 
g = 4, a 
a x = 4, a 2 = 1, b l = 3, and b 2 = 
*Vib = U A 1 + A 2 + 3B 1 + B 2 
A l l are Raman a c t i v e and a l l but Ag are i n f r a - r e d a c t i v e , 
Approximate v i b r a t i o n a l characters, 
A± ( S - C l s t r e t c h ) A^ (SNS sym. A± (SNS angle A^ ^ (C1SN angle 
s t r e t c h ) deformation) deformation i n plane) 
B1 (out of plane B^ ^ (out of plane B^ ^ (out of plane 
deformation) deformation) deformation) 
A 2 ( S - C l bend) B g (SNS asyrn. s t r e t c h ) 
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I t appears from the s p e c t r a that there i s q u i t e a l o t of s p l i t t i n g 
of the absorption bands, which makes assignment d i f f i c u l t but the 
band at ^>1130 cm"''" being the highest frequency must be assigned 
to (SNS asym. s t r e t c h ) , although no Raman band has been observed. 
The band at «*720 cm~^ must therefore be (SNS sym. s t r e t c h ) . 
S ^ - C l s t r e t c h i n g v i b r a t i o n s g e n e r a l l y occur i n the region 51^ -
— 1 8 5 — 1 5k2 cm" , so the bands i n the region 520 cm" are assigned to 
these (A1, S-Cl s t r e t c h ) . The (sfts angle deformation) i s the only 
o t h e r v i b r a t i o n that could reasonably occur above 500 cm"*"*" and i t 
i s assigned to « 655 cm-''". 
Di t h i a d i a z o l i u m S a l t s 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e was known to r e a c t with n i t r i l e s 
um RC=N (R = CCl^, Bu* and Ph) to give 1 , 2 , 3 , 5 - c y c l o d l t h i a d i a z o l i 
c h l o r i d e s ( R C N g S g ) ( C l ) b u t as found f o r the r e l a t e d Herz 
36l 
compounds^ , the d i t h i a d i a z o l i u m c h l o r i d e s were not e a s i l y p u r i f i e d . 
However, the products (CCl^CNgSg)(Cl) and (PhCNgSg)(Cl) were found 
to be of high p u r i t y by i n f r a - r e d and u l t r a v i o l e t spectroscopy, 
a n a l y s i s and mass spectroscopy due to improvements i n p u r i f i c a t i o n 
techniques. The same compounds prepared by other routes e.g. 
C1,,C=CC12 and (SNCl)^, were contaminated with c l o s e l y r e l a t e d com-
342 
pounds and could not be e a s i l y p u r i f i e d . The i m p u r i t i e s had 
i n f r a - r e d peaks a t : 1116s, 1100s, 1000m, 878m, 7 8 l s , 708w and 620w. 
The mechanism of the r e a c t i o n probably i n v o l v e s the breakdown of 
monomeric NSCl to d i s u l p h u r d i c h l o r i d e and n i t r o g e n . 
(SNC1) 3 * 7 3NSC1 ( 3 / 2 ) N 2 + ( 3 / 2 ) S 2 C l 2 
. N . U s / N - S ^ ^ S C 1 / N - S R - C ^ I - R - c ' ) . R - < I 
C l 
T h i s s t r u c t u r e i s confirmed by the formation of U-phenyl -1,2,3,5-
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d i t h i a d i a z o l i u m c h l o r i d e from benzamidinium c h l o r i d e and sulphur 
d i chloride-* . 
Ph—CCT+ C l " + 2SC1. - t o c l > P h - c / N © | CI" 
— S 
362 The X-ray c r y s t a l s t r u c t u r e of ( C C l ^ C N g S g ) ( C l )
J shows that 
the f i v e membered r i n g and the C atom attached to i t are coplanar 
and the bond lengths i n the r i n g i n d i c a t e a l a r g e degree of double 
bond c h a r a c t e r . There i s a l s o a very short S-S di s t a n c e ( 2 0 0 . 9 ( 5 ) pm) 
i n d i c a t i n g considerable ir-bonding ( F i g u r e 5 . 2 ) . 
Figure 5.2 
The X-ray c r y s t a l s t r u c t u r e of ( C C I ^ C N Q S Q ) ( C l ) 362 
The s t r u c t u r e can probably be regarded as a d e l o c a l i s e d aromatic 
6-rr system. A notable f e a t u r e i s the proximity of the C l " anion 
to the S-S bond ( S - C l = 283 . 7 ( 6 ) and '287.4(6) pm). Using Pauling's 
formula-'^ f o r c a l c u l a t i n g atomic r a d i i , assuming a charge on 
each sulphur atom and a -1 charge on the c h l o r i d e anion an S-Cl 
d i s t a n c e of 360 pm. i s c a l c u l a t e d ; s i n c e the di s t a n c e i s 75 pm 
s h o r t e r than t h i s there must be some covalent bonding, o r a t 
C l 
l e a s t a three centre g _Vg bond. 
These c y c l o d i t h i a d i a z o l i u m s a l t s are i n s o l u b l e i n most 
organic s o l v e n t s but have low s o l u b i l i t y i n a c e t o n i t r i l e , n i t r o -
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benzene, dichloromethane, nitromethane or t h i o n y l c h l o r i d e . They 
decompose i n a i r or i n s o l v e n t s that are not scrupulously dry by 
slowly t u r n i n g white, the t r i c h l o r o d e r i v a t i v e being the l e a s t s t a b l e . 
They sublime at high temperatures i n vacuo (e.g. (PhCNgSg)(Cl) at 
l40°C and 0.1 ram). The mass s p e c t r a showed that breakdown was d i f f -
erent f o r the two compounds but i n both cases the parent peak was 
(RCNgS^)* with no s i g n of the c h l o r i n e atom being c o v a l e n t l y 
attached. 
Reactions of C y c l o d i t h i a d i a z o l i u m S a l t s 
Reaction of (CCl^CN^S^)(Cl) with A i r 
I n the mass spectrum of (CCl^CNgSg)(Cl) exposed to a i r there 
were peaks (m/e) from 237 to 2k2 which implied that s l i g h t hyd-
r o l y s i s had taken place and that compounds A or B were formed. 
.N—S /N—S 
C1„C — (/ I o r C1„C — </ I 
) N - S J X N = S 
W x 0 OH 
A B 
S t r u c t u r e A i s favoured because the compound i s white i . e . 
the a r o m a t i c i t y of the r i n g has been l o s t and a l s o because of the 
s i m i l a r i t y of d i t h i a d i a z o l i u m c h l o r i d e s with 1,3,2-benzothiazolium 





6r 361 H„0 +HC1 o o 
4 - P h e n y l - l , 2 , 3 , 5 - c y c l o d i t h i a d i a z o l i u m c h l o r i d e underwent 
f u r t h e r h y d r o l y s i s i n the a i r and the peak at 2060 cm"1 i n the 
product i n d i c a t e d the formation of PhC=N. 
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/N—S PhCC 01 0 1 + 2 H 2 ° X N — S -» PhCN + HC1 + 3 0 2 + N 1 I 3 + 
Reaction of C y c l o d i t h i a d i a z o l i u m S a l t s w ith Sodium and Lithium Azides 
The r e a c t i o n of c y c l o d i t h i a d i a z o l i u m s a l t s w i t h azides was 
attempted i n order to prepare a new C-N-S r i n g : -
/N—S 
R-C 0| C I " + (A)(N ) 
NN—-S J 
/N—S 
AC1 + R-C Q | N " 
N — S J 
N — S N -Nj, ' R-c( ,N 
* N — s ' 
Although both the c y c l o d i t h i a d i a z o l i u m s a l t s and the azides 
d i s s o l v e d s l i g h t l y i n tetrahydrofuran there was no s i g n of the 
formation of products from these r e a c t i o n s . I n a c e t o n i t r i l e a. 
red/brown s o l i d was recovered which did not mull very w e l l but had 
c h a r a c t e r i s t i c absorptions of the azide anion and the 4 - t r i c h l o r o -
methy 1-1, 2, 3 , 5 - c y c l o d i t h i a d i a z o l i u m c a t i o n (Table 5.3). 
Table 5.3 
-1, I n f r a - r e d Spectra of Products and Reactants (cm" ) 
L i N 3 + L i N 3 (CC1 3CN 2S 2)(C1) (CC1 3CN 2S 2)(C1) 
(CC1 3CN 2S 2) ( C I ) + NH3 
2315w 3125vs, 30UOvs, 
1^05vs ( N - H ) 
2285m 
21^0m 2090vs 
1268s 1280w 1270s, 1237m 
1175m 1105m 
1068m(sh) 1075" 
1022s 1055s, 102lW(sh) 1026 s 
990m(sh) 
939m 911w 
870m 86 l s 867m, 860m(sh) 
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L i N 3 + L i N 3 (CC1 3CN 2S 2)(C1) (CG1 3CN 2S 2) ( C l ) 
( C C1 3CN 2S 2)(C1) + NH3 
849m 82 7 s ( s h ) 
8l2m(sh) 818vs 795s 
779s 796vs 780s 
729s 765vs, 678vs 732s, 707w 
64om 64ovs 630m 
558ra 548 s 550m 
The c o r r e l a t i o n i s not exact, implying that some r e a c t i o n has 
occurred. The (N,j)~ asymmetric s t r e t c h i n g frequency has moved 50 
wavenumbers to higher frequency, which suggests there i s some 
i n t e r a c t i o n between the anion and c a t i o n . The compound r e s i s t e d 
attempts a t p u r i f i c a t i o n and a n a l y s i s r e s u l t s were i n c o n s i s t e n t , 
so the r e a c t i o n was not proceeded with. 
Reaction of ( C C 1 3 C N 2 S 2 ) ( C l ) with L i q u i d Ammonia 
The red brown product from t h i s r e a c t i o n had a s i m i l a r spectrum 
to the pur© d i t h i a d i a z o l i u m s a l t but w i t h N-H s t r e t c h i n g and bending 
f r e q u e n c i e s . Although p u r i f i c a t i o n was not s u c c e s s f u l s t r u c t u r e (A ) 
seems a l i k e l y product from the i n f r a - r e d spectrum, because t h i s i s 
H\ N_ S*NH 
c c i — c ^ N _ s 
(A) 
i s o e l e c t r o n i c w ith the proposed h y d r o l y s i s product. 
Reaction of (phCNgSg)(Cl) with Concentrated N i t r i c Acid 
The attempt to make the c y c l o d i t h i a d i a z o l i u m n i t r a t e was not 
s u c c e s s f u l because the r i n g broke up i n d e r the h i g h l y o x i d i s i n g con-
d i t i o n s . The a n a l y s i s f i g u r e s correspond to C^HgNgO^Sg. 
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fZZ~\ S0 oH 
N ' N— S0 oH 
H' 
St r u c t u r e (B) i s proposed because there are 0-H and N-H 
s t r e t c h i n g frequencies and the compound d i s s o l v e d i n water. The 
i n f r a - r e d spectrum a l s o has a peak at l 6 8 0 ( s ) (cm which can be 
assigned to a C=N s t r e t c h i n g frequency. 
Reaction of ( P h C N g S ? ) ( C l ) with F e C l ^ 
T h i s r e a c t i o n produced the t e t r a c h l o r o f e r r a t e s a l t i n high 
y i e l d s . The i n f r a - r e d spectrum shows a few new bands and most of 
the peaks are s h i f t e d compared with the parent (Table 5 . 4 ) . The 
product can be l e f t i n a i r f o r long periods without n o t i c e a b l e signs 
of decomposition and can be r e c r y s t a l l i s e d e a s i l y from t h i o n y l 
c h l o r i d e . 
The f a c i l e formation of an e a s i l y handled s a l t should make 
the p u r i f i c a t i o n of c y c l o d i t h i a d i a z o l i u m s a l t s an easy matter i n the 
futu r e . 
e 
Reaction of (PhCNgS.,) ( C l ) w ith NaT 
The attempt to produce the iodide i n S 0 2 only succeeded i n 
producing a compound with an almost i d e n t i c a l i n f r a - r e d spectrum to 
the product from the r e a c t i o n w i t h n i t r i c a c i d (Table 5.4) which 
i m p l i e s that the solvent was not s c r u p u l o u s l y dry. I n d i c h l o r o -
methane however, a brown s o l i d was formed which analysed c l o s e l y 
to (PhCNgSg)(I). The i n f r a - r e d spectrum shows many s i m i l a r i t i e s to 
the c h l o r i d e but there are d e f i n i t e s h i f t s i n frequency f o r many of 
the absorptions (Table 5 . 4 ) . 
The success i n preparing d i f f e r e n t s a l t s of the c y c l o d i t h i a d i a -
zolium c a t i o n depends on the choice of solvent and of those t r i e d 
dichloromethane and t h i o n y l c h l o r i d e appear to be the b e s t . 
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Table 5.4 
I n f r a - r e d spectrum of (PhCNgSg)(Cl) and products of r e a c t i o n s . 
(PhCN 2S 2) ( C I ) (PhCN 2S 2) (C1)+HN0 3 ( P h C N 2 S 2 ) ( F e C l 4 ) (PhCN 2S 2 
i n S 0 2 
) (Cl)+Nal 




1598w I 6 l 2 w , 1598w l608w, l600w l600w 
1584w 1588w 1583w 
1525w 1507m 1510w 
l 4 5 1 v s 
l 4 0 9 v s 
l 4 6 0 v s 
1370vs l 4 0 2 v s 1378s 
1346s 1347s 1358m 
1299m 1291m 1300m 
I266w 
1288m 
1213m 1228vs 1201s 
ll88w 
1223s 






1029m 1037vs 1035m 1037 s 1028m 
1006w 998w 100 5w 








( P h C N 2 S 2 ) ( C l ) (PhCN 2S 2) (C1)+HN03 ( P h C N 2 S 2 ) ( F e C l 4 ) ( P h C N 2 S 2 ) ( C l ) + N a l 
i n S o 2 i n CH 2C1 2 
847s 848m 860m 
832vs 
789vs 791m 780vs 788m 782vs 
76lm 
724m 729m 723w 
699vs 700m 702vs 699m 694s 
688s 
670m(sh) 663m 672m 676s 
60 4m 623w 598s 
553s 579s 566s 582s 520m 
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CHAPTER 6. 
Sulphur - Nitrogen - Oxygen Compounds. 
I n t r o d u c t i o n . 
The study of sulphur - n i t r o g e n - oxygen s p e c i e s has been 
one of the most neglected areas of sulphur - nitrogen chemistry. 
T h i s i s s u r p r i s i n g s i n c e the compounds have been known f o r many 
year s and some S-N-0 r i n g s are among the most s t a b l e systems i n 
S-N chemistry. 
I n t h i s chapter the chemistry of the compounds used i n the 
experimental s e c t i o n , v i z : S oN o0 o, S_N_0_ and 'cyclosulphimides 1 
j £ <£ j <z 5 
are introduced and the experimental and d i s c u s s i o n s e c t i o n s 
describe the pr e p a r a t i v e routes used and the r e a c t i o n s of these 
s p e c i e s . 
P r e p a r a t i o n and Chemistry. 
Sulphur b i s ( s u l p h i n y l i m i d e ) , S ( N S 0 ) 2 
S(NSO) 2 can be prepared by a v a r i e t y of routes. By r e a c t i n g 
122 
S^N^ with t h i o n y l c h l o r i d e a t room temperature , o r with S 0 2 
and t h i o n y l c h l o r i d e i n n i t r o m e t h a n e - ^ a 2J& y i e l d of S ( N S 0 ) 2 
r e s u l t s . The main i m p u r i t i e s are s a i d to be ( S ^ N ^ ) ( c i ) , S^N 2 
and chlorosulphanes. Moderate y i e l d s are produced i f S 0 2 i s 
bubbled i n t o ( s ^ N ^ H c i ) , i n t h i o n y l c h l o r i d e 3 6 2 * , 
2 (S^N 3) ( C l ) + 6S0C1 2 S 0 2 , 3 S ( N S 0 ) 2 + 7C1 2 + 5S 
or i f (SNF)^ i s heated w i t h an N0 2/0 2 mixture at 120°C. 8 Y i e l d s 
are higher i n the r e a c t i o n s between NH^ and S0C1 2 or between 
36 5 
NH^Cl, SOClg and sulphur . However, the best p r e p a r a t i v e route 
i s the r e a c t i o n of Me^SiNSO with S C l g 1 9 6 or S O C l g 3 6 6 . 
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Sulphur b i s ( s u l p h i n y l i m i d e ) i s a. pale y e l l o w c r y s t a l l i n e 
s o l i d (mp. 100.7°C) which i s soluble i n benzene or a l c o h o l but 
undergoes h y d r o l y s i s with moist a i r or w a t e r ^ ' ' 368^ 
S ( N S 0 ) 2 • 4 H 20 
S(NSO) 2 • t r a c e HgO 
( N H u ) 2 ( S 3 0 6 ) 
- $hKk + s o 2 
The formation of S^N^ with t r a c e s of water could e x p l a i n 
the production of S^N^ - Lewis a c i d adducts i n the r e a c t i o n of 
S ( N S 0 ) 9 with Lewis a c i d s , 369 e.g. -
2 S ( N S 0 ) 2 + 2 T i C l ^ 
C l - T i : 
S — N — 
CI" 
-Cl-
• c i -
A / C i 
: T i - C l 
X C 1 
+ 2 SO. 
Sulphur b i s ( s u l p h i n y l i m i d e ) i s o x i d i s e d by sulphur t r i o x i d e 
370 371 to S-NoOt- ' and r e a c t s with l i q u i d c h l o r i n e to form .S oN o0Cl r/' 3 ^ 5 3 3 3 
With phosphorus pentachloride i n carbon t e t r a c h l o r i d e , 
S ( N S 0 ) 2 undergoes a complicated rearrangement to form a c l e a r 
.,372 o i l 
P C l ^ + S ( N S O ) 2 CC1 
CI 
\ 
C I — P ^ T F ^ P — C I I \ CI CI 
and with s i l a t e d amines i n r e f l u x i n g dichloroinethane, amine 
37 3 
exchange takes p l a c e . 
S ( N S 0 ) , + Me_SiNR 0 C H 2 ^ 1 2 . Me_SiNS0 + ( O S N ) S ( N R , , ) * J Reflux' J 
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Three s t r u c t u r e s f o r S ( N S 0 ) 2 were proposed as a r e s u l t 
O /" O r% /* I. 
of h y d r o l y s i s r e a c t i o n s , J •* l a b e l l i n g of sulphur J L > >* and the 






-Ss A y 
0 
I I I I I 
but an X-ray d i f f r a c t i o n study found s t r u c t u r e I I I to be the 
,71-c o r r e c t one' 
Table 6.1. 
The bond lengths and angles are l i s t e d i n 
Table 6.1 
D i s t a n c e s (pm) Angles 
S x-N 169 NSjN 95.3° 
S 2-N 158 NS 20 115.3° 
s 2 - o 137 S 1 N S 2 120.0° 
S 2 " S 1 283 
The molecule was found to be p l a n a r with an e s s e n t i a l l y 
s i n g l e SN bond. (A f u l l e r d i s c u s s i o n of t h i s s t r u c t u r e appears 
i n Chapters 1 and 2 ) . 
S 3 N 2 ° 5 
.364 Goehring and Heinke proposed that the o x i d a t i o n of 
S^N^ by SOj at 70 - 80°C f i r s t produces the adducts S^N^.2S0^ 




S^NoO-. I f l a b e l l e d sulphur t r i o x i d e i s used, 67$ f the J 5 
r a d i o a c t i v e sulphur i s found i n the s o l i d product -
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* 2S0 
However, Roesky could only i s o l a t e the 1:1 adduct S^N^.SO^ 
208 
i n t h i s r e a c t i o n . Both S ( N S 0 ) 2 and (SNF)^ can a l s o be 
o x i d i s e d to S „ N o 0 _ 8 ' 3 7 0 . 
J *• 5 
S^NgO^ d i s s o l v e s i n benzene, toluene, xylene ajnd 
diei 
,370 
n i t r o b e n z e n e 3 7 0 but r e a c t s with e t h y l ether 3-*-*' 3 7-^ ethanol, 
p y r i d i n e , nitromethane and water" 
S 3 N 2 ° 5 
H 20 
t S 0 2 + S0 2(0H)NH 2 + H 2S0^ + NH 3 
Although the compound i s w e l l - c r y s t a l l i s e d and sublimable 
no c r y s t a l s t r u c t u r e has been attempted to date. Goehring 
et a l 326,370,376-378 suggested s t r u c t u r e IV but s t r u c t u r e V 
o e e 
has a l s o been proposed by analogy with s(NSO) p . 
0 
II 
0 = S : 
O ^ f ^ O ' 
0 
0 II -s. If ;S=0 
IV 
T r i - and Tetrameric Sulphur-Nitrogen-Oxygen Ring Systems. 
These r i n g s can be considered to be formed by the condensa-
t i o n of unstable monomers (A-E) derived from sulphur oxygen compounds 
by r e p l a c i n g one oxygen atom by (=NR) or (=N~) groups (Table 6 . 2 ) . 
Table 6.2 
SO Compound Derived NSO Monomer 
s o 3 
s o 2 
x > o 2 




S O Compound Derived N S O Monomer 
X v*so 
( S 0 ) 2 + (unknown) 
^ S = N X D 
( S N ) + E 
I n Table 6.3, the t r i m e r s and tetramers prepared to date are 
presented. 
Table 6.3 
( O 2 S N " ) (0SN~) ( O S » ( X ) N ) ( X S N ) ( S N + ) 
2 ( 0 2 S N ~ ) ( S 3 N 3 ° 6 > 3 ~ ( S 3 N 3 0 4 ) ~ 
3 ( 0 2 S N " ) ( S ^ O g ) 4 -
2(0SN") S 3 N 3 ( O R ) 3 ( S 3 N 3 0 2 ) " 
3 ( O S N " ) S 3 N 3 0 3 H 3 
2 ( 0 S ( X ) N ) ( S 3 N 3 0 4 F 2 ) ~ ( S 3 N 3 0 3 F 2 ) " S 3 N 3 ° 3 C 1 3 S 3 N 3 0 2 F 3 
3 ( 0 S ( X ) N ) 
Sk"h°kFk 
2 ( X S N ) S 3 N 3 0 C 1 3 S 3 N 3 C 1 3 ( S 3 N 3 F 2 ) + 
3 ( X S N ) 
I n t h i s chapter only the group of s p e c i e s commonly known as 
cyclosulphimides (OgSNH)^ w i l l be d i s c u s s e d . At present a l l attempts 
to i s o l a t e the f r e e a c i d s (o 2SNH) n have been u n s u c c e s s f u l . Only 
s a l t s c o n t a i n i n g the unions (OgSN)^" (n=3 o r h) and covalent d e r i v a -
t i v e s (0 9SNR) (n=2 - k) have been prepared. 
P r e p a r a t i o n s . 
A) Trimers. 
Triamraonium h e x a o x o c y c l o t r i t h i a t r i a z e n i d e , ( N H ^ ) 3 ( S N O g ) 3 . I s 
r e a d i l y prepared by the thermal decomposition of sulphamide 
S 0 2 ( N H 2 ) 2 , at 180° - 200° f o r 6 hours. The r e a c t i o n proceeds through 
many intermediates, many of which can be i s o l a t e d by chromatography 
e.g. ( N H 4 ) ( N ( S 0 2 N H 2 ) 2 ) 3 8 0 . 
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3 S 0 2 ( N H 2 ) 2 - v intermediates - »(NH^) ^ ( SNOp) 3 
The ammonium s a l t can a l s o be prepared as a byproduct from 
the r e a c t i o n s of s u l p h u r y l c h l o r i d e 2 ^ 7 ' 3 8 1 ' 3 8 2 ' or sulphur 
t r i o x i d e J ' J , J with ammonia o r sodium amide. Other s a l t 
d e r i v a t i v e s may be prepared from t h i s s a l t by m e t a t h e t i c a l 
11 38 *5 
re a c t i o n s ' . There are a v a r i e t y of ways of forming potassium 
s a l t s : -
0 2S(NHS0 2NH 2) • K ^ R >K 2(0 2S(NS0 2NH 2) 2) l 8°" 2 0 0°?NH^K 2(SNOg) 
30% KOH j l f ^ s w n j ^ 9 9 , 3 8 6 
K » ( S 0 2 N H 2 ) 2 2 0 0 - 2 2 0 ° C 1 
S 0 ? C 1 9 + Na(SO p(NH„)NH) + CH-COOK B o i l i n g CI^CT 2~*2 " v "2" 
The s i l v e r s a l t can be p r e c i p i t a t e d by hyd r o l y s l n g (SNOCl)^ 
with d i l u t e s i l v e r n i t r a t e , 
(SN0C1) 3 + 6 AgN0 3 H 2 ° , Ag 3(SN0 2) 3.5H 20 + A g C l 3 8 ? . 
P y r i d i n e r e a c t s with sulphamoyl c h l o r i d e S0 2(NH 2)C1 to form 
the d i p y r i d i n i u m s a l t , ( p y H ) 2 ( H ) ( S N O g ) 3 > but attempts to form 
(o 2SNH) 3 by ion exchange i n S 0 2 or D.M.F. r e s u l t e d i n r i n g break-
down. 3 8 8 Barium 2 0^, cobalthexammine 2^ 8, lead 2° 8, l i t h i u m 3 8 ' ' , 
20ft ^ft^ 2oR mercury ( i ) and ( i l ) , sodium and t h a l l i u m s a l t s have been 
prepared by m e t a t h e t i c a l r e a c t i o n s , u s u a l l y of the s i l v e r s a l t . 
N-Methyl and N-ethyl d e r i v a t i v e s have been prepared from the 
2Q6-2QQ 
s i l v e r s a l t and the corresponding iod i d e , y y 
3 RI + A g 3 ( S N 0 2 ) 3 >-AgI + ( 0 2 S N R ) 3 (R= Me, Et) 
whereas the benzoyl d e r i v a t i v e was prepared from benzoyl c h l o r i d e 
2Q7 




The r e a c t i o n of SO^with NH^ i n nitromethane a t 0°C lead s to 
small q u a n t i t i e s of tetra-ammonium o c t a o x o c y c l o t e t r a t h i a t e t r a z e n i d e 
( r e f . 381,383), which can be i s o l a t e d as the s i l v e r s a l t . 
8 NH 3 + k S 0 3 > ( N H 4 ) u ( S N 0 2 ) 4 + k H.,0 
Small y i e l d s of the ammonium s a l t («*15$) are formed from the 
r e a c t i o n of Na( S0 2(NH) gNH") with SOgClg but i t must be converted to 
the barium o r s i l v e r s a l t i n order to obtain the pure tetramer 
The pyridinium s a l t (pyH]gH2( SN0 2) ^  i s formed i n the r e a c t i o n 
f sulphamoyl c h l o r i d e with p y r i d i n e - * 0 1 1 3 8 8 , but the best route to 
te t r a m e r i c d e r i v a t i v e s i s the condensation of S 0 2 ( N H 2 ) 2 with SOgClg 
301 
i n b o i l i n g a c e t o n i t r i l e 
S 0 2 ( N H 2 ) 2 + S 0 2 C 1 2 > (NH Z f)^(SN0 2) / | + 4 HC1 
Simple m e t a t h e t i c a l r e a c t i o n s with the ammonium s a l t l e a d to 
,, 301,386 „ , . , 301 . . 
the barium , N-butyl ammo mum , potassium and s i l v e r 
s a l t s 3 0 1 ' 3 8 1 ' 3 8 ^ . N-methyl and N-ethyl d e r i v a t i v e s have been 
prepared from the s i l v e r s a l t with the r e s p e c t i v e i o d i d e 3 0 0 ' 3 0 1 ' 3 8 1 . 
P h y s i c a l and chemical p r o p e r t i e s 
Lithium, sodium and potassium h e x a o x o c y c l o t r i t h i a t r i a z e n i d e s 
decompose above 306°C, 2 M^SNOg)^——*• 3 M £S0^ + 3N 2 + 3S (Ms Li.Na, 
but the s i l v e r s a l t decomposes d i f f e r e n t l y a t 292°C, 
Ag 3(SN0 2) ^ >3 Ag + l£ N 2 + S 0 2 3 8 5 . 
The ammonium s a l t breaks down at even lower temperatures (225°C), 
( N H 4 ) 3 ( S N 0 2 ) 3 ^ y N2,Sg,NH3, (HNS0)^,S0 2(NH 2) 2 and 
( N H ^ ) 2 ( H N ( S 0 3 ) 2 ) , and above 300°C the ammonium imidodisulphonate 
undergoes f u r t h e r decomposition, 
3 ( N H 4 ) 2 ( H N ( S 0 3 ) 2 ) — )3 (NH 4) 2S0^ + 3 S 0 2 + NH~ + N 2 I 385 I >6 NH3 + 3 so 3 + 3 H 20 
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(OgSNH)^ can be formed in. s o l u t i o n by t r e a t i n g the s i l v e r s a l t 
2Q8 
with aqueous HC1 . By t i t r a t i n g t h i s s o l u t i o n , i t i s found 
that two protons are h i g h l y a c i d i c but the t h i r d i s s t r o n g l y 
bonded, probably due to the formation of 
; s _ N o 
H ~ N N / < 
o*f— N 0 
0-
298 
i n s o l u t i o n . On standing i n s o l u t i o n the r i n g i s h y d r o l y t i c a l l y 
cleaved and a f t e r three days a 1:1:1 mixture of s u l p h u r i c a c i d , 
?Qft *%1C\ f^tQ 
sulphamide and sulphamic a c i d remains " . The r i n g break-
down appears to be auto-acid c a t a l y s e d because i n n e u t r a l o r 
weakly a c i d s o l u t i o n s the r i n g i s r e l a t i v e l y s t a b l e . 
The tetramer i s l e s s h y d r o l y t i c a l l y s t a b l e than the trimer, 
needing 20 minutes i n 2M HC1 at room temperature to undergo r i n g 
301 
breakdown, whereas the t r i m e r r e q u i r e s 2 hours of b o i l i n g 2M IIC1 
S t r u c t u r e s . 
X-ray s t r u c t u r e determinations of (Ag) ^ (SNOg) y 3H 20^ and 
20 3 
(SOgNMe)^ J have shown that the S^N^ r i n g adopts a c h a i r conforma-
t i o n of approximate C symmetry. I n the s i l v e r s a l t the S-N bond 
d i s t a n c e s are equal w i t h i n experimental e r r o r (l63.6(4)pm) but 
the S-0 a x i a l bond (l45.l(6)pm) i s longer than the S-0 e q u a t o r i a l 
bond (l42.7(6)pm) probably because of weak i n t e r a c t i o n s between 
69 
the oxygen and s i l v e r atoms , or because the e q u a t o r i a l s i t e s 
are l e s s s t e r i c a l l y hindered. The methyl d e r i v a t i v e , however, 
has S-N bond d i s t a n c e s approximately the same (166.2(l)-l67.3(2)pm) 
and a l l S-0 bond lengths equal w i t h i n experimental e r r o r 
(l40.8(l)pm) 2 0 3 . 
Table 6.4 l i s t s the geometries of molecules i s o l e c t r o n i c 
3-
w i t h ( S N 0 2 ) ^ together with those of (OgSNMe) . Comparing the 
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three SN compounds, i t can be seen that the 3-N bond length 
i n c r e a s e s i n the s e r i e s (SNOCl)^, (SN0' 2)^, (OgSNMe)^. T h i s can 
be a t t r i b u t e d to the f a c t that the i r - e l e c t r o n s are shared between 
6 SN and 3 SO bonds i n (SNOCl)^ but 6 SN and 6 SO bonds i n (SN0 2)^~ 
and the attachment of methyl groups to the ni t r o g e n atoms i n 
(OgSNMe)^ reduces the tr-bonding i n the r i n g s t i l l f u r t h e r . 
Table 6.4 
Molecular Geometry f o r S i x Membered (AB)^ r i n g s with 
Two E x o c y c l i c Groups (C,D). 
(A = S,P. B = 0,N,NMe. C = 0,C1. D = 0,C1). 
86 
( s o 3 ) 3 










162.6(7) 98.7(8) 121 . 5(8) 126.1(8) 282. 4 
(SN0 2)^- 6 9 145.1(6) 163.6(4) 106.1(4) 115.1(3) 117.4(4) 276.1 
o 390 




161 . 5(2) 101 . 3(1) 126 . 9(1) 120. 2(1) 289.0(2) 
« < S N 0 C 1 ) 3 6 8 140.7(7) 157.1(4) 112.8(4) 122.0(4) 107.9(4) 274.8 
( 0 2 S N M e ) 3 2 0 3 l 4 o . 9(l) 
l 4 o . 7(l) 
166.9(1) 104.5(1) 117.1(1) 121 . 9(1) 284 .7 
One ca n o n i c a l ( i ) d e s c r i b e s (0 2SNMe) 3 and ( S 0 3 ) 3 reasonably 




0 // : 0 
:0 ( i ) 
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Canonicals ( I I ) and ( i l l ) d escribe the short SO bonds i n (SNOCl)y 
CK CI 
B- B' 'B 
( I I ) X 
CI CI cr 
( I I I ) 
CI 
For (SN0 2)^~ and ( P O , ^ - the e x o c y c l i c bonds are much longer implying 
the involvement of (IV) and ( v ) , 
( I V ) 
0 0 
B B B B 
0 V) 
0 B B 
but the r i n g bond lengths are longer i n (SNOg)^ than i n (SNOCl)^ so 




( v i ) 
The c o n t r i b u t i o n of ca n o n i c a l s ( I V ) - ( V i ) i n the s t r u c t u r e 
of the hexaoxocyclotrithiatriazenid e (3-) anion i s exemplified by 
the SCF MO c a l c u l a t i o n s of Armstrong et a l 7 8 (Table 6.5). 
Table 6.5 
CNDO/2 C a l c u l a t i o n s f o r (SN0 2)^" 7 8 
Charges. Bond I n d i c e s 
S N 0 eq 0 ax S-N S-0 eq S-0 ax S-S 
+0.57 -0.46 -0.59 -0.51 1.20 1.50 1.48 0.16 
w i t h equal negative charges on both nitrogen and oxygen and l a r g e r 
S-0 bond i n d i c e s than S-N bond i n d i c e s . 
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Experimental. 
Reaction of Sulphur T r l o x l d e with c y c l o t e t r a t h i a z e n e (S^N^). 
Oleum (150 ml, 20$) was heated to 120°C at a pressure of 
15 t o r r and SO^ was d i s t i l l e d from t h i s on to c y c l o t e t r a t h i a z e n e 
(5g» 0.027 mol). The orange c r y s t a l s of c y c l o t e t r a t h i a z e n e 
turned dark brown and a. vigorous r e a c t i o n took place evolving 
yellow/brown fumes. The f l a s k was. kept cool with i c e d water and 
the r e a c t i o n slowly subsided. Sulphur t r i o x i d e was d i s t i l l e d 
over f o r a f u r t h e r two hours to ensure complete r e a c t i o n . A brown 
s o l i d remained. The f l a s k was heated to 30°C at 1 t o r r and the 
excess SO^ was d i s t i l l e d o f f . F i n a l l y the f l a s k was heated b r i e f l y 
to 60°C at 1 t o r r to remove the l a s t t r a c e s of S0^. The temperature 
was r a i s e d to 78°C a t 1 t o r r pressure and yellow/white c r y s t a l s 
sublimed on to the col d f i n g e r . I . r . (Nujol mull) absorptions 
occurred ( c m - 1 ) at 3150m, I565W (broad), 1300-1250m (broad), 
1160m (broad), 1060s, lOOOw, 870m, 720m, 700s, 600w, 550m. The 
mass spectrum showed no peaks above 80m/e. 
The product appeared to be mainly SO^ contaminated by grease. 
The experiment was repeated using ' V o l t a l e f G r a i s e 90 1 to discourage 
the a t t a c k by SO^ upon the greased j o i n t s . Only 0,3g of product 
was recovered. Found: N, 10.21; S, 45.97. Calcd. f o r N„O eS • 
^ 5 3 
N, 13.7; S, 47.1$. I . r . ( N u j o l mull) absorptions occurred ( c m - 1 ) 
a t 3170w, l434vs, 1290m (broad), 1230s, 1212s, 1198m (sh), 1133s, 
1108s, 1070s, 976w, 855w, 780msh, 758s, 732s, 699m, 647s, 547s, 
493m, 450s, 431msh. Major mass s p e c t r a l peaks a t 150°C occurred 
a t m/e: 213; S^jfi^, 204; l 4 9 ; SgNgOg (S y i g ) , 124; 122; 105? 
NH 2S0 3H, 97; S2 N2« 9 2 5 S°3' 8 0 5 S 0 2 ' 6**'' S 0 • 
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Since there was a l a r g e brown mass of m a t e r i a l that would 
not sublime, an attempt was made to take i t up i n t o dichloromethane. 
Immediately a yellow-orange powder was deposited, i . r . ( N u j o l mull) 
absorptions occurred ( c m - 1 ) at 1320s, 1288vs, 1267vs f 1191s, 1140s, 
1120s, 1071s(sh), 1052vs, 990m, 878w, 821s, 695w, 646s, 629m, 
567s, 552m, 529m, 509w, 458w. 
Reaction of t h l o n y l c h l o r i d e with c y c l o t e t r a t h i a z e n e . 
Thionyl c h l o r i d e (150ml) was added to c y c l o t e t r a t h i a z e n e 
(5g,0.027 mol) and the s o l u t i o n warmed to 4o°C f o r 24 hours, w i t h 
s t i r r i n g . On cooling, red-orange c r y s t a l s were deposited together 
with a green powder from the red s o l u t i o n . The s o l u t i o n was f i l t e r e d 
and the i n f r a - r e d spectrum of the red c r y s t a l s and the green powder 
showed that they were (S^N,j)(cl) and impure (S^N,j)(Cl) r e s p e c t i v e l y . 
The red s o l u t i o n was pumped to dryness l e a v i n g a red-brown s o l i d . 
Dry benzene (50ml) was added and the r e s u l t i n g red suspension was 
f i l t e r e d and pumped to dryness l e a v i n g a. greenish black r e s i d u e . 
T h i s was sublimed at 4o°C and 1 t o r r p r essure to form s h i n i n g y e l l o w 
p l a t e l e t s . Y i e l d hZ&. A n a l y s i s found; N, 17.9; S, 62.1; NgO^^ 
re q u i r e s N, 17.9; S, 6l.5<fc# 
I . r . (Nujol mull) absorptions occurred (cm"''') at 1-I80vs, 
1038s, 680s, 656w, 550m, 503m, 365s. 
The major mass s p e c t r a l peaks at 150°C ( r e l a t i v e i n t e n s i t i e s 
i n b r a c k e t s ) occurred (m/e) at S^O.,, 158(5); ^NgOg, 156(42); 
SgNO, 110(6); SNSO, 94(13); S 2N 2, 92(35); S 2 0 ( S 0 3 ) , 8 0 ( 2 ) ; S 2N, 
78 ( 5 ) ; N 20S, 76(13); S0 2, 64(14); HNSO, 63(10); SO, 48(28); SN, 
46(100); S, 32(47). 
-135-
Reaction. of sulphur b i s ( s u l p h i n y l i m i d e ) with sulphur t r i o x i d e . 
A large q u a n t i t y of s o l i d sulphur t r i o x i d e was heated to 
100°C and passed by vacuum t r a n s f e r on to S ( N S 0 ) 2 (3g.0.019 mol) 
which was kept at -196°C. The v e s s e l was then allowed to warm to 
room temperature and kept at t h i s temperature f o r three hours. 
The temperature was r a i s e d to 60°C to pump o f f the excess S0^ 
and the product sublimed at 70-80°C and 1 t o r r pressure producing 
white needles. I . r . (Nujol mull) absorptions occurred (cm~^) at 
3l65w, l434vs, 1288m, 1234vs, 1217s, 1198m, 1136vs, l l o o v s , 1077s, 
935w, 772vs, 762vs, yhom, 712w, 691w, 643s, 546vs, 494m, 458vs, 
43lw. 
Reaction of l i q u i d ammonia with s u l p h u r y l c h l o r i d e . 
L i q u i d ammonia (400ml) was c o l l e c t e d i n a cooled (-78°C 
acetone/COg) 2 l i t r e f l a s k and sodium metal added u n t i l a permanent 
blue colour p e r s i s t e d ( i n d i c a t i n g NaNHg was being formed and a l l 
the moisture had reacted with the sodium). The f l a s k was allowed 
to warm to room temperature and the dry ammonia was d i s t i l l e d to 
another cooled 2 l i t r e f l a s k . S u l p h u r y l c h l o r i d e (50 ml) i n hexane 
(500 ml) was added with s t i r r i n g over a p e r i o d of s i x hours, t a k i n g 
care not to l e t the dropping funnel become blocked with ammonium 
c h l o r i d e . 
The r e s u l t i n g green/yellow s o l u t i o n was allowed to stand 
exposed to the a i r overnight so that the excess ammonia could 
evaporate. The residue was a creamy s o l i d i n hexane. T h i s was 
f i l t e r e d and pumped to dryness at 70°C. The chain-type sulphur-
n i t r o g e n - oxygen compounds formed as s i d e products were hydrolysed 
to sulphomide by d i s s o l v i n g i n 10$ h y d r o c h l o r i c a c i d (250 ml) and 
warming to 80°C f o r ten minutes. The s o l i d was then f i l t e r e d and 
pumped to dryness at 80°C. 
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The off-white s o l i d was then shaken w i t h a n a l a r acetone 
(5 x 30 ml), to remove ammonium c h l o r i d e and the r e s u l t i n g 
s o l u t i o n s were c o l l e c t e d together and pumped to dryness l e a v i n g 
a l i g h t brown s o l i d . T h i s was r e c r y s t a l l i s e d twice from absolute 
a l c o h o l . Y i e l d , 15.2g. (26$ based on S 0 2 C 1 2 ) . Mp. 91-92°C l i t . 
92.1°C 3 9 \ 
Found: H, 4.62; N, 28.94; S, 32.92. Calcd. f o r H^OgNgS 
H, 4.16; N, 29,16; S, 33.33$. I . r. (KBr d i s c ) absorptions 
occurred ( c m - 1) at 3335 - 3170 broad, 2720w, 2670w, 
l6l6w, 1552m, 1545m, 1357vs, 1330s(sh), l l 6 5 v s , l l 4 2 s h , 
930m(sh), 913m, 722s, 562m, 535s. 
Action of heat on sulphamide, S 0 2 ( N H 2 ) 2 3 8 0 . 
Sulphamide ( l 5 g « O.I56 mole) was heated slowly i n a f l a s k 
connected to a r e f l u x condenser. A f t e r melting a t 92°C the 
temperature was r a i s e d to 180°C over the period of one hour and 
f u r t h e r r a i s e d to 200°C over the next hour. T h i s temperature was 
maintained f o r f i v e hours during which a red compound formed i n 
the a i r condenser. I . r . ( N u j o l mull) absorptions occurred ( c m - 1 ) 
at 3170s (broad), l430vs, 1262vs, 1239vs, 1210vs, 1175s, l l 6 2 v s , 
1090s, lo48vs, I013vs, 980s, 930vs, 812m, 730s, 668m, 595s, 568s, 
462ra. 
T h i s decomposed to an orange compound over two days. At the 
bottom of the f l a s k a hard brown mass formed on cooling. T h i s was 
d i s s o l v e d i n 0.88 ammonia and the dark dolution b o i l e d with 
d e c o l o u r i s i n g c h a r c o a l , f i l t e r e d and pumped slowly to dryness, 
l e a v i n g white c r y s t a l s ( 2 ) . Y i e l d 81$. 
Found: H, 5.12; N, 24.61; S, 28.24. Calcd. f o r (NH^)^(SN0 2)^ 
H.4.16; N, 29.16; S, 33.33$. 
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Th e i n f r a - r e d spectrum showed l a r g e -OH absorptions so the 
c r y s t a l s were warmed to 60°C and pumped f o r three hours. 
Found: H, 4.49; N, 25.26; S, 28.Q81&. I . r. (KBr d i s c ) 
absorptions occurred ( c m - 1) at 3170s (broad), 
l430vs, 1250vs, 1233vs, 1150vs, 1080vs, 1050vs, 
1019vs, 838vs, 767m, 671m, 600vs, 580vs, 560s, 
540s, 468m. 
Pre p a r a t i o n of t r i s i l v e r - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e ^85^ 
Triammonium-hexaoxocyclotrithiatriazenide (5g, 0.017 mol) 
was d i s s o l v e d i n the minimum of water and s i l v e r n i t r a t e 
(8.5g, 0.050 mol) was added i n the dark. Long white needles 
p r e c i p i t a t e d over a period of three days and these were f i l t e r e d 
and pumped to dryness at 110°C i n vacuo. 
Found: Ag, 58.10; H, 0.71; N, 7.66; S, 16.07. 
Calcd. f o r ( A g ) 3 ( S N 0 2 ) 3 : Ag, 58.04; H, 0.00; 
N, 7.53; S, 17.21$. I . r. (KBr d i s c ) absorptions 
occurred ( c m - 1 ) a t 3420w (broad), l630w (broad), 
1242vs, 1217vs, 1204vs, 1150vs, 
l l l O v s ( s h ) , I090vs, 1052vs, 842vs, 824vs, 745m, 
677s, 577vs, 420m. 
Pre p a r a t i o n of trisodium - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e . 
Triammonium-hexaoxocyclotrithiatriazenide (2.88g, 0.01 mol) 
was added to sodium hydroxide ( l . 2 g , 0.03 mol) i n tetrahydrofuran 
(60 ml). The s o l u t i o n was slowly heated to 177°C during which the 
colour changed from c l e a r to deep red/brown owing to the decomposi-
t i o n of the a l c o h o l . The s o l u t i o n was allowed to cool, d e p o s i t i n g 
a white p r e c i p i t a t e which was f i l t e r e d , washed w i t h methanol and 
r e c r y s t a l l i s e d from a 50:50 methanol-water mixture and d r i e d i n 
vacuo. Y i e l d 76$. 
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Found: N, 14.23. Calcd. f o r (Na)^(SN0 2)^: N, 13.87$. 
I . r . ( K B r d i s c ) absorptions occurred (era" 1) a t : 
1238vs, 12l0vs, 1150vs, 1115vs, 1066vs, 1035vs, 
1009s, 991s, 840vs, 821vs, 782m, 755m, 678s, 620vs, 
571vs, 529w, 420m. 
Reaction of iodobenzene with t r i s i l v e r - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e . 
T r i s i l v e r - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e (2.9g, 0.005 mol) was 
added to iodobenzene (20 ml) i n benzene (30 ml) and the mixture 
r e f l u x e d , with one s p a t u l a of calcium carbonate, f o r three hours. 
On cooling, a g r e y i s h s o l i d ( l ) was deposited which was f i l t e r e d 
o f f . The s o l u t i o n was pumped to dryness at 60°C under vacuum 
but no s o l i d remained. The g r e y i s h s o l i d ( l ) was found to be 
unreacted s t a r t i n g m a t e r i a l s . 
Reaction of benzo y l c h l o r i d e with 
trisodium - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e . 
T r i s o d i u m - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e (3g, 0.01 mol) was 
added to benzoyl c h l o r i d e (20 ml) i n benzene (40 ml) and s t i r r e d 
f o r three days with o c c a s i o n a l heating. There was no sign of 
r e a c t i o n so the r e a c t i o n mixture was r e f l u x e d f o r eight hours. 
On cooling, a grey powder was deposited which was f i l t e r e d and 
pumped to dryness. The i n f r a - r e d spectrum showed t h i s to be 
unreacted s t a r t i n g m a t e r i a l s . 
Reaction of di-N-methyl sulphamoyl c h l o r i d e with 
t r i s o d i u m - h e x a o x o c y c l o t r l t h i a t r i a z e n i d e . 
T r i s o d i u m - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e ( l g , 0.003 mol) was 
heated with di-N-methyl sulphamoyl c h l o r i d e to 180°C f o r si x . h o u r s . 
The i n i t i a l c l e a r s o l u t i o n turned red a f t e r a short time and a 
s t i c k y red/brown s o l i d was deposited. T h i s was found impossible 
to mull so the r e a c t i o n was not continued. 
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Reaction of s u l p h u r y l c h l o r i d e with trisod i u m -
h e x a o x o c y c l o t r i t h i a t r i a z e n i d e , 
T r i s o d i u m - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e (2.0g, 0.007 mol) 
was added to s u l p h u r y l c h l o r i d e (20 ml) and the mixture r e f l u x e d 
f o r s i x hours. A white s o l i d was f i l t e r e d from the cooled s o l u t i o n 
but the i n f r a - r e d spectrum showed some -OH s t r e t c h i n g frequencies, 
so the s o l i d was then r e f l u x e d w i t h t h i o n y l c h l o r i d e , f i l t e r e d and 
pumped to dryness. 
Found: CI, 7.34; N, 5.83; S, 25.74. I . r . (Nujol mull) 
absorptions occurred (cm""1) a t 3400w, 3300w, 3170m, 
1540w, 1305vs, 1260vs, 1215s, 1158vs, 1069vs, 1017s, 
970s, 918s, 890vs, 856s, 760m, 690m, 617s, 600vs 
585vs, 555s, 543s, 525m, 472m, 434m. 
Reaction of dimethylethylsulphonium iodide w ith 
trisodium - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e . 
T r i s o d i u m - h e x a o x o c y c l o t r i t h i a t r i a z e n i d e (3g, 0.01 mol) was 
added to dimethylethylsulphonium iodide (6g, 0.03 mol) i n water 
(30 ml) and s t i r r e d a t room temperature. White c r y s t a l s formed 
slowly from the orange/yellow s o l u t i o n . These were f i l t e r e d and 
found to contain iodine. Methanol (30 ml) was added to the orange/ 
y e l l o w s o l u t i o n and a creamy white p r e c i p i t a t e formed which was 
f i l t e r e d , pumped to dryness and washed w i t h ether. 
I . r . (Nujol mull) absorptions occurred (cm" 1) a t 3500m (broad), 
3000vs, 2985vs, 2910m, l650w (broad), 1432s, 1422s, I367W, 1338m, 
1242vs, 1215vs, 1170vs, 1152vs, l l l 8 v s , 1075vs, 1066vs, 1045vs, 
lOOOvs, 942m, 838vs, 78lm, 728w, 685w, 620vs, 585vs, 534m, 510m, 
4l8w. 
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D i s c u s s i o n of r e s u l t s . 
The preparation of S„No0_. was attempted by two routes, 
J ^ 5 
n e i t h e r was s u c c e s s f u l i n producing c r y s t a l s s u i t a b l e f o r X-ray 
c r y s t a l l o g r a p h i c s t u d i e s . However some l i g h t can be shed on the 
s t r u c t u r e of t h i s compound from the i n f r a - r e d and mass sp e c t r a . 
Table 6.6 
I n f r a - r e d s p e c t r a of S_No0_ and r e l a t e d compounds. 
S 3 N 2 0 5 ( S 5 N 5 ) ( S 3 N 3 0 4 ) 3 9 2 
3170w 3130m(N-H) -
l434vs i 3 i o v s ? a s ( s o 2 ) l420vs 
l400vs 
l420s. 
1290m 1290vs 1295s 1 3 2 8 V S 
I280w 
1230s 1210s 1218s 
1212s 1205s 1202m 
1198m 1180m 1175s 
1133s i i 3 0 v s ^ s (so 2 ) 1175vs I137vs 
1108s 1110s 1 1 1 5 V S 
1070s 1060 s 1080vs 107 2w 
I t can be seen from Table 6.6 that there i s a s t r i k i n g 
s i m i l a r i t y between the i n f r a - r e d s p e c t r a of S^N^^H, Sj^N^O^ 











(A) (B) (C) 
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T h i s i m p l i e s that the s t r u c t u r e of S ^ N ^ t j i s r e l a t e d to 
S^N^O^ and S^N^O^H. I n f a c t s t r u c t u r e (A) I s i s o e l e c t r o n i c with 









^-0 e t c . 
(D) (E) 
The (S^N^O^) - anion (D), although i s o e l e c t r o n i c with (A), must 
have a c o n t r i b u t i o n to i t s s t r u c t u r e from canonicals l i k e ( E ) , which 
392 
e x p l a i n s the lower asymmetric SOg frequency found i n t h i s compound . 
The presence of S 0 o i n the mass spectrum of SoN.,0_ i s a l s o 
evidence i n favour of s t r u c t u r e (A) over s t r u c t u r e ( F ) . 
0* (F) 
T h i s s t r u c t u r e contains two h i g h l y e l e c t r o p h i l i c N-sulphuryl imide 
groups (see chapter 4) , none of which have been i s o l a t e d a t room 
temperature i n the f r e e s t a t e . 
w 
An attempt to prove s t r u c t u r e (A) by r e a c t i o n of (Me^SiN=) 2S 
i t h S 2 0 , j F 2 i n a 1:1 r a t i o v i a route ( l ) , only r e s u l t e d i n the 
394 formation of S^N^O^ 
2 Me 35i-N=S=N-SiMe 3 
+ 
2 F-jS-O-S-F 
(2) I -2 Me^SiF 
Me oSiJ-N=S=N-S0 ol-0S0 oF 
FS0 o0-S0 o-N=S=NrSiMe 
(1) 4 Me^SiF + 2 Q 
-2S0. 
•N 
~* S 4 N 4 ° 4 + 2 Me^SiOSOgF + 2 Me^SiF 
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Th i s may have been because the r e a c t i o n proceeded by a 
d i f f e r e n t route (2) or any S^ NgO,, formed reac t e d w i t h Me^SiF 
with l o s s of SO^. 
One other product was i s o l a t e d i n the r e a c t i o n of S^N^ with 
SO^ which had many absorptions i n the S=0 region of the i n f r a - r e d 
spectrum and was probably the S^N^.SO^ adduct prepared by Roesky 208 
A c t i o n of heat on sulphamide, 
Sulphamide i s a white c r y s t a l l i n e s o l i d and the expected 
product of p y r o l y s i s , (NH^)^(SNOg)^, i s a l s o white. The discovery 
of a red compound i n the r e f l u x condenser was the r e f o r e unexpected. 
The i n f r a - r e d spectrum of t h i s red product when compared with 
sulphamide and (NH^) ^ (SNO^/j shows e x t r a peaks which correspond 
l a r g e l y w ith those of (HNSO)^, a red c r y s t a l l i n e s o l i d (Table 6.7) 
Since the temperature never rose above 200°C, (NH^) ^ ( SN0 2) ^ may 
have decomposed below t h i s temperature which i s lower than the 
225°C recorded by Nachbaur et a l 3 8^. 
Table 6.7 
I n f r a - r e d s p e c t r a of;-(i) red product from p y r o l y s i s of 
__S0_ 2(NH 2) 2, ( i i ) S 0 2 ( N H 2 ) 2 , ( i i i ) (NH, t) 3(SN0 2) 3and 
( i ) cm -1 
( i v ) (HNSO)^ 3 9 5. 




















( i ) cm"1 ( i i ) era" ( l i i ) cm"1 ( i v ) cm"1 
1175s 
l l 6 2 v s l l 6 5 v s 
1142s 
1150vs 
1090 s 1080vs 
10 48 s 1055s 
















Reactions of the h e x a o x o c y c l o t r i t h i a t r i a z e n i d e (3-) anion. 
The r e a c t i o n of the s i l v e r s a l t with iodobenzene and the 
sodium s a l t w i th benzoyl c h l o r i d e and di-N-methyl sulphamoyl 
c h l o r i d e were u n s u c c e s s f u l p o s s i b l y because of the low s o l u b i l i t y 
of the s a l t s i n the s o l v e n t s used (benzene and S0 2 ( C l ) N M e 2 ) . 
The sodium s a l t was used t h e r e a f t e r because of i t s high s t a b i l i t y 
(the s i l v e r s a l t i s unstable i n the l i g h t ) , and i t was p o s s i b l e 
to e f f e c t r e a c t i o n i n p o l a r s o l v e n t s such as SOgCl,, o r H 20. 
The aim of the r e a c t i o n with S 0 2 C 1 2 was to prepare (C10 2SNS0 
analogous to ( F 0 2 S N S 0 2 ) 2 which had been prepared by a d i f f e r e n t 
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route J y . The product had sulphur : n i t r o g e n : c h l o r i n e r a t i o s 
of 4 : 2 : x but these atoms only account f o r 4o# of the t o t a l 
-Ikh-
weight. The r e s t must be due to sodium o r oxygen. 
The infra-red.spectrum of the product (Table 6.8) shows 
SO s t r e t c h i n g f r e quencies higher than those of the (SNOg)^ 
system. T h i s i m p l i e s the presence of e i t h e r s u b s t i t u e n t s on 
the r i n g which leads to higher SO fre q u e n c i e s o r r i n g breakdown 
to form d i f f e r e n t SNO compounds. The lovr c h l o r i n e a n a l y s i s tends 
to r u l e out (ClOgSNSOg)^ unless i t i s present i n small q u a n t i t i e s 
and the low n i t r o g e n a n a l y s i s i m p l i e s r i n g breakdown and l o s s of 
nitrogen. Any f u r t h e r a n a l y s i s of the r e s u l t s would be purely 
s p e c u l a t i v e . However, r e a c t i o n s of t h i s type deserve f u r t h e r 
i n v e s t i g a t i o n . 
Table 6.8 
I n f r a - r e d s p e c t r a of products and s t a r t i n g m a t e r i a l s 
from r e a c t i o n s of (Na) ^ (SNOo) with SO^Cl^C l ) and 
( E t M e 2 S ) ( l ) ( 2 ) . 











1215vs 12l0vs 12l6vs 
1158vs 1150vs 1153vs 
1115vs l l l 8 v s 
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P r o d u c t I ( N a ) 3 ( S N 0 2 ) 3 ( E t M e 2 S ) ( I ) P r o d u c t (2) 
I069vs I066vs I075vs 
10 35vs 1038vs 10U5vs 













6l7vs 620vs 620s 
585vs 571vs 586s 
1 555s 
The i n f r a - r e d s p e c t r u m o f the pr o d u c t (2) from t h e r e a c t i o n 
o f ( E t M e 2 S ) ( l ) and (Na)^(SNOg)^ shows many s i m i l a r i t i e s w i t h the 
s t a r t i n g m a t e r i a l s b u t t he r e g i o n below 800 cm"^ i s much s i m p l e r 
i m p l y i n g t h a t t h e i n f r a - r e d s p e c t r u m i s n o t j u s t the summation 
o f t h e s t a r t i n g m a t e r i a l s . U n f o r t u n a t e l y , a n a l y s e s were n o t v e r y 
c o n s i s t e n t w h i c h i m p l i e s t h e p r e s e n c e o f a m i x t u r e . From t h e 
i n f r a - r e d s p e c t r u m t h i s m i x t u r e a p p e a r s to be ( E t Me^S) ^ ( SNOg)-j 
and N a l . 
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CHAPTER 7 
E l e c t r o n R i c h A r o m a t i c S u l p h u r N i t r o g e n S p e c i e s 
I n t r o d u c t i o n 
I n t h i s c h a p t e r the i d e a o f a r o m a t i c i t y i n s u l p h u r - n i t r o g e n 
compounds i s i n t r o d u c e d and extended t o i n c l u d e compounds n o t 
g e n e r a l l y d e s c r i b e d i n t h i s c a t e g o r y . The e x p e r i m e n t a l s e c t i o n 
d e s c r i b e s a t t e m p t s to p r e p a r e new compounds w i t h (kn •»• 2) 7 T - e l e c t r o n s 
w h i c h a l t h o u g h n o t e n t i r e l y s u c c e s s f u l i n t h e i r o r i g i n a l aim, 
p roduced some i n t e r e s t i n g new compounds e.g. SyJCOCF^, ( S ^ N ^ ) ( S n C l ^ O P C l , 
and S^N^.POCl^.SnCl^. The c r y s t a l s t r u c t u r e o f ( S ^ N ^ ) ( S n C l ^ O P C l ^ ) 
i s d e s c r i b e d i n some d e t a i l . 
A r o m a t i c i t y 
T h e r e a r e many compounds i n s u l p h u r - n i t r o g e n c h e m i s t r y t h a t 
cannot a d e q u a t e l y be r e p r e s e n t e d by c a n o n i c a l s t r u c t u r e s . C o n s i d e r 
the c y c l o t e t r a t h i a t r i a 2 e n i u m ian(S^N«j)+, J o h n s o n e t a l ~ ^ ^ c o n c l u d e d 
from t h e e l e c t r o n i c s p e c t r a t h a t the s y s t e m i n v o l v e d 10 T T - e l e c t r o n s . 
T h i s was s u p p o r t e d by the S C F MO c a l c u l a t i o n s o f F r i e d m a n who 
c o n c l u d e d t h a t e a c h s u l p h u r atom donates two e l e c t r o n s and e a c h 
n i t r o g e n atom one e l e c t r o n to the r r - s y s t e m . T h i s t e t r a c o v a l e n c y 
o f s u l p h u r p r e v e n t s r e p r e s e n t a t i o n by u s u a l c a n o n i c a l forms, i n -
...31 
+ 
s t e a d i t i s n e c e s s a r y to i n v o k e c a n o n i c a l s o f type ( =S=?N=S= ) and 
c r o s s r i n g S-S bonds. T h e s e s p e c i e s a r e s a i d to be " e l e c t r o n r i c h ' 
and i f the sum o f the - r r - e l e c t r o n s i s ( 4 n + 2) where n i s an i n t e g e r , 
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then t h e s e s p e c i e s a r e termed e l e c t r o n r i c h a r o m a t i c s . The 
c h a r a c t e r i s t i c p l a n a r i t y o f a r o m a t i c s i s e x h i b i t e d by S^i^(6n) , 
( S i f N 3 ) + (IOTT) and ( S ^ ) * (lk-n) . 
I t i s a c h a r a c t e r i s t i c f e a t u r e o f t h e s e compounds t h a t e a c h 
s u l p h u r atom c a r r i e s a p o s i t i v e c h arge due to the g r e a t e r e l e c t r o -
n e g a t i v i t y o f the n i t r o g e n and i n some c a s e s the c h a r g e o f the c a t i o n , 
T h i s charge p r o b a b l y a s s i s t s i n s t a b i l i s i n g the s u l p h u r d o r b i t a l 
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399 c o n t r i b u t i o n to the bonding . I n S^Ng, F r i e d m a n ' s e l e c t r o n count 
39 S 
shows t h a t the s y s t e m has 10 T T - e l e c t r o n s ' , however, the compound 
i s u n s t a b l e and r e a d i l y d i s p r o p o r t i o n a t e s to S^N^ and s u l p h u r . 
T h i s s u g g e s t s t h a t e a c h s u l p h u r atom i n a s t a b l e a r o m a t i c s u l p h u r -
n i t r o g e n s y s t e m needs an a p p r e c i a b l e p o s i t i v e c h a r g e and i t i s t h e r e -
f o r e d o u b t f u l i f a n i o n i c s u l p h u r - n i t r o g e n s p e c i e s w i l l be a r o m a t i c . 
The i n f r a - r e d s p e c t r u m of ( S ^ N ^ ) ~ , an u n s t a b l e a n i o n * * 0 0 , l e n d s 
e v i d e n c e to the n o n - p l a n a r i t y o f t h e i o n w h i c h s h o u l d be a 10 ir 
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s y s t e m u s i n g F r i e d m a n ' s - r r - e l e c t r o n c o u n t i n g r u l e s y . SN H u c k e l 
s p e c i e s w i t h N-N bonds w i l l t e n d to be h i g h l y u n s t a b l e due to the 
f a c t t h a t l o n e p a i r d e l o c a l i s a t i o n cannot o c c u r a l o n g the n i t r o g e n -
n i t r o g e n bond and t h e r e i s the p o s s i b l i i t y o f e l i m i n a t i o n o f 
n i t r o g e n on thermodynamic and k i n e t i c grounds. ( S ^ N ^ ) ~ ( l W ) has 
been p r e p a r e d ; i t i s n o t p l a n a r and t h e r e a r e no N-N bonds but 
n e v e r t h e l e s s i t i s h i g h l y u n s t a b l e . 
I n c o n s u l t a t i o n w i t h Dr. A . J . B a n i s t e r the f o l l o w i n g r u l e s f o r 
s t a b l e a r o m a t i c e l e c t r o n r i c h SN compounds have been drawn up. 
T h e r e must be;-
i ) a h i g h p o s i t i v e c h a r g e on e a c h s u l p h u r ; 
i i ) no N-N bonds; 
i i i ) no a n i o n s ; 
i v ) (kn + 2 ) - r t - e l e c t r o n s ( n i s an i n t e g e r ) . 
I n T a b l e 7.1 a r e l i s t e d t h e i r - e l e c t r o n c o u n t s f o r SN and S 
s p e c i e s . R i n g e d s p e c i e s a r e known, p l a n a r a r o m a t i c s . U n d e r l i n e d 
H u c k e l s p e c i e s have been p r e p a r e d b u t t h e i r s t r u c t u r e s have n o t been 
d e t e r m i n e d and s t a r r e d s p e c i e s a r e t h o s e a r o m a t i c s t h a t have y e t 
to be p r e p a r e d . 
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T a b l e 7.1 
- T T - E l e c t r o n Count f o r N e u t r a l S N S p e c i e s 
No. o f N No. of S atoms ( x ) 
atoms, ( y ) 2 3 4 5 6 
1 5 7 ^ --^^^ d - o r b i t a l s too 
2 8 1 0 " " — ^ w e a k l y con-
3 U n s t a b l e 11 13""" t r a c t e d 
4 due t o N-N bonds ^ \ ^ L 2 *l4* 16*"^  
5 -^5 17 
6 
T T - E l e c t r o n Count f o r U n i p o s l t i v e ( S N ) s p e c i e s 
No. o f 
atoms, 
N 
( y ) 2 
No. 
3 
o f S atoms ( x ) 
k 5 6 
1 4 " - - ^ ^ d - o r b i t a l s too 
2 . 5 7 ^ 9 — ^ w e a k l y c o n t r a -
3 U n s t a b l e 8 12^--d i c t e d 
4 due to N--N bonds " \ ^ 1 1 13 15^-
5 16 
6 - ^ 1 7 
f T - B l e c t r o n Count f o r D i p o s i t l v e ( s x N ^ ) s p e c i e s 
No, of N No. o f S atoms ( x ) 
atoms, ( y ) 2 3 4 5 6 7 
0 4 --^^^ d - o r b i t a l s too 
1 3 5 7 -^weakly c o n t r a -
2 8 '10* 12~^---^cted 
3 9 11 ' ^  13 15~^ 
4 U n s t a b l e due 12 \ 4 * 16 
5 to N-N bonds \ ^ 1 3 15 17 
6 - ^ 1 6 18* 
+" i n d i c a t e s t h a t t h e compound was p r e p a r e d , , 120 e l s e w h e r e a f t 
t h i s e x p e r i m e n t a l work was c ompleted. 
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Many more s u l p h u r - n i t r o g e n H u c k e l s t r u c t u r e s can be p r e p a r e d 
by i n s e r t i n g groups w h i c h p r o v i d e no f u r t h e r T T - e l e c t r o n s e.g. 
p u t t i n g C l - S ^ i n t o SgNg, produces ( S ^ g C l ) " * ' w h i c h i s n o t s t r i c t l y 
a r o m a t i c ( s i n c e the C l - S ^ group i s out o f p l a n e o f t h e remain-
i n g p o r t i o n o f t h e r i n g ) , t h e r e i s s t i l l c o n s i d e r a b l e TT d e l o c a l -
i s a t i o n , o t h e r groups can be i n s e r t e d w h i c h p r o v i d e no -rr-electrons 
( T a b l e 7.2) 
T a b l e 7.2 
I n s e r t e d group " O r i g i n a l H u c k e l 
S p e c i e s " 






S 2 N 2 
S 2 N 2 
( S 3 N 2 C 1 ) + 
S 3 N 2 0 
S 2 N 2 MeAsS 2N 2 
R-C^+ s^2 
0 < S 2 N 2 
.N—S 
o = < I 
N — S 
/ 
X-N=S^ S 2 N 2 XNS 3N 2 
I n c r y s t a l s t r u c t u r e s o f the new "pseudo a r o m a t i c s p e c i e s " i t i s 
found t h a t the s e c t i o n o f t h e r i n g c o n t a i n i n g t h e " o r i g i n a l H u c k e l 
s p e c i e s " i s a l w a y s p l a n a r . 
I n a l l t h e s e s t r u c t u r e s i t i s a c c e p t e d t h a t s u l p h u r c o n t r i b u t e s 
two i r - e l e c t r o n s to t h e TT-system t h u s an X-SC^ group w i l l o n l y 
c o n t r i b u t e one T T - e l e c t r o n to the iT-system. I n t h i s way s p e c i e s 
s u c h a s ( S N F ) 3 and ( S N C l ) 3 can be c o n s i d e r e d to be 6TT a r o m a t i c s and 
the r i n g s t r u c t u r e s a r e c l o s e to p l a n a r w i t h e q u a l r i n g bond l e n g t h s , 
whereas compounds o f t h e type (SNX)^(8-TT) a r e n o n - p l a n a r and have 
a l t e r n a t i n g r i n g bond l e n g t h s . S p e c i e s s u c h a s (SNX)«j w i l l be 
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r e f e r r e d to as " q u a s i - a r o m a t i c s " . 
The e x p e r i m e n t a l s e c t i o n g i v e s d e t a i l s o f a t t e m p t s to produce 
new examples o f t h e s e H u c k e l s p e c i e s . 
Expe r i m e n t a l 
R e a c t i o n o f T h i o u r e a w i t h S u l p h u r D i c h l o r i d e 
T h i o u r e a (5 g. 0 .066 mol)was added to e x c e s s s u l p h u r d i c h l o r i d e 
(30 ml) and the m i x t u r e h e a t e d to 55°C f o r t h r e e h o u r s . T h e r e was 
some r e a c t i o n a t t h i s t e m p e r a t u r e and t he r e d s u s p e n s i o n d e p o s i t e d 
an orange r e d s o l i d w h i c h was f i l t e r e d and pumped to d r y n e s s . 
A t t e m p t s to r e c r y s t a l l i s e from e t h e r and t o l u e n e r e s u l t e d i n 
d e c o m p o s i t i o n , so a n a l y s e s were c a r r i e d o ut on the u n p u r i f i e d mat-
e r i a l . Found: C I , 51 .75 ; N, lk.76; S, 25.18. I . r . ( N u j o l m u l l ) 
a b s o r p t i o n s o c c u r r e d ( c m - 1 ) a t 3460vs, 3370vs, 327OVS, 3 l 8 0 v s , 
2690m, 2360w, l 6 8 0 v s , I 6 l 8 v s , I 4 l 5 v 3 , 1331m, 1293s, 1276m, 1082s, 
879m, 836m, 720s , 663s, 633s , 535m(sh), 472vs , 45^vs, klkia. M a j o r 
mass s p e c t r a l peaks w i t h a s s i g n m e n t s ( r e l a t i v e i n t e n s i t i e s i n 
p a r e n t h e s e s ) o c c u r r e d (m/e) a t : S g , 256 (3 ) ; , 1 9 2 ( 1 ) ; S^, l 6 o ( l ) ; 
S^, 1 2 8 ( 3 ) ; CHN 3S 2, 1 1 9 ( 3 ) ; CHN 2S 2, 1 0 5(4) ; CHNSC1, 9 ^ ( 5 ) ; CH 2NS 2, 
9 2 ( 5 ) ; CHNS 2, 9 1 ( 6 ) ; CH 4N 2S, 7 6 ( 7 ) ; CHN 2S, 7 3 ( 7 ) ; 7 1 ( 6 ) ; S 2 , 64 ( 2 5 ) ; 
CNS, 58 (100) . 
R e a c t i o n o f C y c l o a z a h e p t a s u l p h a n e w i t h T r i p h e n y l Carbonium T e t r a -
f l u o robo r a t e . 
C y c l o a z a h e p t a s u l p h a n e (1.4 g, 0 .006 mol) was added to t r i -
p h e n y l carboniura t e t r a f l u o r o b o r a t e ( 1 . 9 g, 0 .006 mol) i n d i c h l o r o -
methane (50 ml) and the s o l u t i o n was s t i r r e d f o r s i x h o u r s . T h e r e 
was no o b v i o u s s i g n o f r e a c t i o n and the i n f r a - r e d s p e ctrum showed 
t h a t t h e N-H group was s t i l l p r e s e n t . The r e a c t i o n was r e p e a t e d 
i n l i q u i d S 0 p a t -20°C, a g a i n t h e r e a p p e a r e d to be no r e a c t i o n . 
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R e a c t l o n o f T r i f l u o r o p e r a c e t l c A c i d w i t h C y c l o a z a h e p t a s u l p h a n e 
H e x a f l u o r o a c e t i c a n h y d r i d e (5.6 ml) and 4o<£ hydrogen p e r o x i d e 
(0.5 ml) were added to c y c l o a z a h e p t a s u l p h a n e (0.9 g, 0.004 mol) 
i n d i c h l o r o m e t h a n e (50 m l ) . The o r i g i n a l p a l e y e l l o w s o l u t i o n 
became deep y e l l o w and d e p o s i t e d a y e l l o w s o l i d ( l ) w h i c h was 
f i l t e r e d and pumped to d r y n e s s . On c o n t a c t w i t h p o t a s s i u m bromide 
p l a t e s t h e compound t u r n e d r e d . The y e l l o w s o l u t i o n was l e f t to 
s t a n d o v e r n i g h t i n the f r i d g e and i t d e p o s i t e d l o n g y e l l o w n e e d l e s 
o f s u l p h u r . The i . r . ( N u j o l m u l l ) a b s o r p t i o n s o f t h e y e l l o w s o l i d 
(1) o c c u r r e d ( c m - 1 ) a t 1675m, 1212s, 1150s, 849w, 798s, 730m, 717m, 
621m. M a j o r mass s p e c t r a l p e a k s a t 200°C ( r e l a t i v e i n t e n s i t i e s i n 
b r a c k e t s ) o c c u r r e d (m/e) a t ; S g , 256(12); S ?N 238(2); S ? , 224(4); 
S 6 , 192(5); 182(4); S 5 , 160(20); 150(2); Sk, 1 2 8 ( 2 2 ) ; CF^OOH, 1 1 4 ( 8 ) ; 
CF 3C0, 97(13); S 3 , 96(15); CF 3CN, 95(27); CF 30H, 86 ( 5 ) ; C F ^ H , 8 2 ( 8 ) ; 
C F 3 , 69(100); S 2 , 64(58); CF 2H, 51(98); C F 2 , 50(52). 
R e a c t i o n o f T r i c h l o r o c y c l o t r i t h i a t r i a z e n e w i t h T i n ( l V ) T e t r a c h l o r i d e 
T r i c h l o r o c y c l o t r i t h i a t r i a z e n e (2 g, 0.008 mol) was d i s s o l v e d 
i n p h o s p h o r y l c h l o r i d e (20 ml) and t i n ( i v ) t e t r a c h l o r i d e (0.83 ml, 
0.008 mol) was added w i t h s t i r r i n g . A s c a r l e t s o l u t i o n formed 
i m m e d i a t e l y which was r e f l u x e d f o r one h o u r and a l l o w e d to c o o l . 
A v e r y a i r s e n s i t i v e orange powder ( l ) and y e l l o w c r y s t a l s (2) were 
d e p o s i t e d . These were f i l t e r e d and pumped to d r y n e s s . The m a j o r 
mass s p e c t r a l peaks from (2) a t 200°C o c c u r r e d (m/e) a t : S n C l O P C l ^ 
309 - 2 9 9 ( 1 ) ; S n C l ^ , 271 -256(15); S n C l 3 , 233 - 221(100); S n C l 2 , 
194 - 1 8 6 ( 2 ) ; S ^ N V 184(1); P O C l ^ 158 -152(4); S n C l , 159 - 151(5); 
S 3 N 3 , 1 4 0 - 138(2); P 0 C 1 2 , 121 -117(6); S 3 N 2 , 1 2 4 ( 2 ) ; Sn, 1 2 0 -116(6); 
S C 1 2 , 1 0 4 - 102(4); SgN.,, 9 2 ( 7 ) ; SgN, 7 8 ( 2 ) ; S C l , 69 - 6 7 ( 6 ) ; S^SO,,), 
64(5); SO, 48(4); SN, 4 6 ( l 4 ) , ( r e l a t i v e i n t e n s i t i e s i n b r a c k e t s ) . 
The orange powder was too a i r s e n s i t i v e f o r mass s p e c t r a l a n a l y s i s . 
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R e a c t l o n o f C y c l o t e t r a t h i a z e n e w i t h P h o s p h o r y l C h l o r i d e . 
C y c l o t e t r a t h i a z e n e , S^N^, (0.1 g, 0.0005 mol) was added to 
p h o s p h o r y l c h l o r i d e (20 ml) and the m i x t u r e h e a t e d s l o w l y . At 80°C 
t h e m i x t u r e began to change c o l o u r from r e d to y e l l o w and t h e r e a c t i o n 
a p p e a r e d to be complete a f t e r t e n m i n u t e s . The y e l l o w s o l i d was 
f i l t e r e d and pumped to d r y n e s s . I . r . ( N u j o l m u l l ) a b s o r p t i o n s 
o c c u r r e d ( c m - 1 ) a t l l 6 3 v s , 9 9 8 v s , 681s, 566s, 470vs, 455s w h i c h 
2^7 
c o r r e s p o n d s to the i n f r a - r e d s p e c t r u m o f ( S ^ N ^ ) ( C l ) 
R e a c t i o n o f C h l o r o c y c l o t r i t h i a d i a z e n i u m C h l o r i d e w i t h P h o s p h o r y l 
C h l o r i d e . 
C h l o r o c y c l o t r i t h i a d i a z e n i u m c h l o r i d e , ( S ^ N g C l ) ( C l ) , (4.0 g) 
0.022 mol) was added to p h o s p h o r y l c h l o r i d e (40 ml) and the m i x t u r e 
warmed s l o w l y t o 6o°C. R e a c t i o n o c c u r r e d a t t h i s t e m p e r a t u r e and a 
g r e e n p r e c i p i t a t e was d e p o s i t e d from the r e d s o l u t i o n . A sample 
o f t h i s was withdrawn and pumped to d r y n e s s . I . r . ( N u j o l m u l l ) 
a b s o r p t i o n s o c c u r r e d (cm"" 1) a t 10l4w, 960s, 943s, 709s, 697s, 6 7 0 ( s h ) , 
586s. T h i s i s t h e i n f r a - r e d s p e c t r u m o f "(S^Ng) ( C l ) 1 , 2 6 7 . On 
f u r t h e r h e a t i n g and r e f l u x i n g a t 105°C f o r t h r e e hours the s o l u t i o n 
became orange and d e p o s i t e d a b r i g h t y e l l o w p r e c i p i t a t e . I . r . 
( N u j o l m u l l ) a b s o r p t i o n s o c c u r r e d ( cm" 1) a t 1159vs, 998vs, 682s, 
565vs, 470vs, 456s, w h i c h c o r r e s p o n d s w i t h the i n f r a - r e d s p e c t r u m 
o f ( S U N 3 ) ( C 1 ) 2 6 7 . 
R e a c t i o n o f B i s - c y c l o t e t r a t h i a z e n e - t i n ( I V ) t e t r a c h l o r i d e w i t h 
P h o s p h o r y l C h l o r i d e . 
B i s - c y c l o t e t r a t h i a z e n e - t i n ( I V ) t e t r a c h l o r i d e ( 1 . 3 g, 0.002 mol) 
was added to p h o s p h o r y l c h l o r i d e ( 2 0 ml) and the m i x t u r e h e a t e d to 
r e f l u x f o r one hour. T h e r e a p p e a r e d to be no r e a c t i o n . The p u r p l e 
p r e c i p i t a t e was f i l t e r e d and pumped to d r y n e s s and was found to be 
unchanged ( S ^ N ^ ) g . S n C l ^ . 
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R e a c t l o n o f T r l c h l o r o c y c l o t r l t h l a t r l a z e n e w i t h P h o s p h o r y l C h l o r i d e . 
T r i c h l o r o c y c l o t r i t h l a t r i a z e n e ( 1 . 0 g, 0 . 0 0 4 mol) was d i s s o l v e d 
i n p h o s p h o r y l c h l o r i d e (20 ml) and h e a t e d to 6o°C f o r two h o u r s . No 
r e a c t i o n was o b s e r v e d . A sample o f t h e s o l u t i o n was e v a p o r a t e d to 
d r y n e s s and an i n f r a - r e d s p e c t r u m o f t h e y e l l o w r e s i d u e c o r r e s p o n d e d 
to ( S N C l ) ^ . The s o l u t i o n was then h e a t e d a t 80°C f o r two hours and 
a y e l l o w s o l i d s l o w l y p r e c i p i t a t e d . T h i s was f i l t e r e d and found to 
be ( S j + N 3 ) ( C l ) from i t s i n f r a - r e d spectrum. 
R e a c t i o n o f C y c l o t e t r a t h i a z e n e w i t h S u l p h u r y l C h l o r i d e , P h o s p h o r y l 
C h l o r i d e and T i n ( l V ) t e t r a c h l o r i d e . 
A m i x t u r e o f T i n ( l V ) t e t r a c h l o r i d e ( 0 . 9 m l , 0 .0076 mol) and 
s u l p h u r y l c h l o r i d e ( 0 . 6 2 ml, 0 .0076 mol) was poured i n t o a f l a s k 
c o n t a i n i n g a s l u r r y o f c y c l o t e t r a t h i a z e n e (1.1*0 g, 0 . 0076 mol) i n 
p h o s p h o r y l c h l o r i d e (20 m l ) . T r a n s p a r e n t c r y s t a l s o f ( I ) formed on 
the l o w e r p a r t o f the f i l t e r s t i c k . The s o l u t i o n , on s t i r r i n g a t 
room t e m p e r a t u r e , q u i c k l y t u r n e d r e d and p u r p l e brown ( S ^ N ^ ) g S n C l ^ 
( i l ) p r e c i p i t a t e d . A s m a l l amount o f the adduct was withdrawn and 
c h a r a c t e r i s e d by i t s i . r . s p e c t r u m ( T a b l e 7 . 3 ) . B o t h t h e s o l u t i o n 
and the s o l i d t u r n e d brown a s the t e m p e r a t u r e was r a i s e d to t h e 
b o i l i n g p o i n t . D u r i n g r e f l u x i n g f o r two hou r s ( o i l b a t h a t 1 0 5 °C) 
the s o l u t i o n and p r e c i p i t a t e l i g h t e n e d to r e d . A brown powder ( H i ) 
a d h ered to t h e upper p a r t o f t h e f l a s k above the l i q u i d l e v e l . 
Y e l l o w c r y s t a l s o f the S^N^ + s a l t ( I V ) s e p a r a t e d out on c o o l i n g . 
The m i x t u r e was f i l t e r e d and a f t e r pumping dry t h e y e l l o w 
p l a t e l e t s were s e p a r a t e d by hand i n a g l o v e box from t h e brown 
powder ( i l l ) t o g i v e 1 .5 g. o f the S^N^* s a l t ( I V ) ( 3 0 % y i e l d b a s e d 
on S^N^). Found: C I , 4 l . 5 5 ; N, 10 .4 ; S, 23 .7 ; Sn, 1 7 . 7 5 . C a l c d . 
f o r C l g N 5 O P S 5 S n : C I , 1*1.75; N, 10.3; S, 23 .6 ; Sn, 17.45%. M a j o r 
mass s p e c t r a l p e a k s were found a t m/e ( r e l a t i v e i n t e n s i t i e s and 
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a s s i g n r a e n t s a r e g i v e n ) : SnClOPCl.^, 3 0 7 - 3 0 1 ( 3 ) ; SnOPCl^, 2 7 0 - 2 6 8 ( 2 ) ; 
S n C l ^ , 2 6 6 - 2 5 6 ( 1 6 ) ; S n C l 3 , 2 3 3 - 2 1 7 ( 1 0 0 ) ; S n C l 2 , 1 9 2 - 1 8 6 ( 3 ) ; S ^ , 
1 8 4 ( 2 ) ; S n C l , 1 5 7 - 1 5 1 ( 3 ) ; P 0C1 3, 1 5 6 - 1 5 2 ( 3 ) ; S 3 N 3 , 1 3 8 ( 2 ) ; S ^ g , 
1 2 4 ( 2 ) ; Sn, 1 2 2 - 1 1 6 ( 6 ) ; POClg, 1 1 9 - 1 1 7 ( 6 ) ; SgNg, 9 2 ( 8 ) ; SgN, 7 8 ( 5 ) ; 
s 2 , 6 4 ( 2 ) ; SN, 4 6 ( 1 5 ) . 
The c o l o u r l e s s c r y s t a l s ( I ) t a k e n from the f i l t e r s t i c k were 
found to have an i . r . s p e c t r u m ( T a b l e 7.3) i d e n t i c a l to t h a t o f 
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( P 0 C 1 3 ) g S n C l ^ p r e p a r e d by t h e method due to G a r n e r and Sugden 
The brown powder ( i l l ) was r e c r y s t a l l i s e d from P 0 C 1 3 to g i v e 
1.1 g small orange-brown c r y s t a l s (Found; C I , 41.25; N, 9.7; S, 21.9; 
Sn, 18.9. C a l c d . f o r C l ^ ^ P O S ^ S n : C I , 4 l . 5 ; N, 9.35; S, 21.45; Sn, 
1 9 . 8 5 $ ) . I . r . s p e c t r u m ( T a b l e 7.3) 
T a b l e 7.3 
tX.R. S p e c t r a o f S t a r t i n g M a t e r i a l s and P r o d u c t s 
S 4 N 4 ( S u N u ) 2 S n C l u S^N^.POCl 3.SnCl^ ( S 5 N 5 ) -
( S n C l 5 O P C l 3 ) 
( P O C l 3 ) 2 S n C l 4 
r e f .401 r e f . 4 0 1 t h i s work t h i s work t h i s work 









lOOOw 1025m(sh) 1022m 1020s 
960s 970w( s h ) 980w(sh) 
920s 
805s 800m 804m 
795VW 7 9 5 s ( s h ) 
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S 4 N 4 ( S 4 N ^ ) 2 S n C l 4 s 4 N 4 - P 0 C 1 3 - S n C 1 4 ( S 5 N 5 ) -
( S n C i ^ O F C i ^ ) 
( P O C l 3 ) 2 S n C l 4 
r e f . 401 r e f . 4 0 1 t h i s work t h i s work t h i s work 
785s(sh) 
757m 
720s(sh) 715w(sh) 722s 731m 720s 
690s 




545s 556w 536s 542m 
521m 515w 
510m 506s 
470w 47 6w 481m 
4o8vw 4o4m 
R e s u l t s and D i s c u s s i o n 
a) The r e a c t i o n o f t h i o u r e a w i t h s u l p h u r d i c h l o r i d e 
The aim o f t h i s r e a c t i o n was to e l i m i n a t e f o u r moles o f HC1 





S C I . 
.N—S 
-4HC1 S=C^ © I 
^ N — S 2 -"^2 
w h i c h i s s i m i l a r to t h e c y c l o d i t h i a d i a z o l i u m s a l t s . The p r o d u c t 
mix was complex and t h e a n a l y s i s f i g u r e s a pproximate to an e m p i r i c a l 
f o r m u l a e o f C 2 S 2 N 3 C l 4 H 2 * T l i e P r e s e n c e o f N - H s t r e t c h i n g f r e q u e n c i e s 
i n t h e i n f r a - r e d s p e c t r u m shows t h a t n o t a l l the hydrogen atoms have 
been removed. The nevr peaks i n t h e s p e c t r u m (compared w i t h t h i o -
u r e a ) o c c u r a t cm" 1: l680vs, 1332s, 1293vs, 1276s, 878m, 835m, 664s. 
The peak a t 1680 c m - 1 can p r o b a b l y be a s s i g n e d to a ^C=N s t r e t c h . 
The mass s p e c t r u m does n o t s u c c e e d i n c l a r i f y i n g the s i t u a t i o n , 
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s i n c e o n l y one fragment w i t h c h l o r i n e atoms can be d i s t i n g u i s h e d . 
b) The r e a c t i o n s o f c y c l o a z a h e p t a s u l p h a n e w i t h h y d r i d e i o n 
a b s t r a c t o r s . 
T h e s e r e a c t i o n s were a t t e m p t s to e x t r a c t the h y d r i de i o n from 
S^NH to form t h e 1 4TTsystem ( S ^ N ) + w h i c h would have a s i m i l a r 
s t r u c t u r e to ( S g ) 2 + . The f i r s t r e a c t i o n w i t h t r i p h e n y l carbonium 
t e t r a f l u o r o b o r a t e produced no new p r o d u c t s . W i t h t r i f l u o r o p e r -
a c e t i c a c i d however, r e a c t i o n took p l a c e . A s l i g h t e x c e s s o f 
p e r f l u o r o a c e t i c a n h y d r i d e was p r e s e n t to remove any w a t e r formed 
i n the r e a c t i o n and move the e q u i l i b r i u m to the r i g h t . 
o > • H 2 0 2 / H 2 o C H 3 0 1 3 , 0 F 3 0 \ 0 _ 0 / H * 0 F 3 C \ 0 H 
C F ^ ^ 0 
J S ?NH 
( S ? N ) ( C F 3 C 0 0 ) + H 20 
However, t h e p r o d u c t d i d n o t g i v e t h e c o r r e c t i n f r a - r e d s p e c t r u m 
r e q u i r e d f o r t h e C F ^ C C ^ q - group and the S^N i o n was n o t v e r y 
prominent i n t h e mass spectrum. 
4-02 
C o l c h e s t e r e t a l r e p o r t e d t h a t when c y c l o a z a h e p t a s u l p h a n e 
r e a c t e d w i t h c a r b o x y l i c a c i d s i n t h e p r e s e n c e o f a d e h y d r a t i n g 
agent, t h e n N - a c y l i m i d e s c o u l d be i s o l a t e d . 
I n the r e a c t i o n s t u d i e d c a r b o x y l i c a c i d s a r e formed and t h e 
p r e s e n c e o f e x c e s s p e r f l u o r o a c e t i c a n h y d r i d e s e r v e s to a c t a s the 
d e h y d r a t i n g a g e n t . The f o l l o w i n g mechanism i s t h u s proposed. 
2CF 3COOOCF 3 + HgO » 2CF 3COOH + CF^COOOCCF^ 
S ?NH 
S 7 N C O C F 3 + 3CF 3COOH 
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The i n f r a - r e d spectrum o f the p r o d u c t can be a s s i g n e d by 
7 v ~ 7 * 
40° 40 3 c o m p a r i s o n w i t h r e l a t e d compounds S^NH J , (S^NCO),, » and 
P ( 0 2 C C F 3 ) 3 4 ° 4 ( T a b l e 7.4). 
T a b l e 7.4 
P r o d u c t S 7 N H 4 0 3 ( S ? N C O ) 2 4 0 3 p ( o 2 o c F ^ ) 3 , , 0 , , 
1675 1695 c=o 
1212 1210 C-F 
1150 1095 C-N 1155 C-F 
849 854 C-C 
798 820 (S-N) 
730 726 C-F 
717 
621 
The mass s p e c t r u m i s a l s o c o n s i s t e n t w i t h S^NC0CF 3 even though 
the p a r e n t peak cannot be d i s t i n g u i s h e d . 
c ) The r e a c t i o n o f t r l c h l o r o c y c l o t r i t h i a t r i a z e n e w i t h t i n ( l V ) 
t e t r a c h l o r i d e . 
T h i s was an a t t e m p t to p l u c k o f f one o r two c h l o r i n e atoms 
from t h e r i n g to produce e i t h e r ( s 3 N 3 C l 2 ) + o r ( S 3 N 3 C l ) 2 + , 
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w h i c h would be a p o s i t i v e l y c h a r g e d q u a s i - a r o m a t i c system. C l a r k e 
had t r i e d a s i m i l a r r e a c t i o n i n t h i o n y l c h l o r i d e but found the prod-
u c t too a i r s e n s i t i v e to h a n d l e whereas F i l d had p r e p a r e d the a d d u c t 
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2(SNCl) y S n C l ^ by m i x i n g the two m a t e r i a l s t o g e t h e r J . I t was 
t h e r e f o r e n e c e s s a r y to t r y a n o t h e r s o l v e n t , p h o s p h o r y l c h l o r i d e . 
C r y s t a l s were formed w h i c h were a n a l y s e d i n the mass s p e c t r o m e t e r 
f o r s i g n s o f t h e c a t i o n s d e s c r i b e d above. The peaks o c c u r i n t h e 
same r e g i o n and w i t h the same i n t e n s i t y a s ( S ^ N ^ ) ( S n C 1 ^ 0 P C l 3 ) , and 
the c o n c l u s i o n i s t h a t t h i s i s the main p r o d u c t o f t h i s r e a c t i o n . 
I t a p p e a r s t h a t a t the POCl-j r e f l u x t e m p e r a t u r e (~105°C) , NSC1 
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l o s e s c h l o r i n e : -
5(SNC1)„ 1 . 15NSC1 ^ ===? 12NS- + 12C1 >6C1 0 t 
/ 
3 S n C l ^ / 
3 " ( N S ) ( S n C l 5 ) " ^ » 3 ( S 5 N 5 ) ( S n C l 5 ) 
P O C I 3 
( S ^ N ^ ) ( S n C l 5 O P C l 3 ) 
d) F u r t h e r r e a c t i o n s i n p h o s p h o r y l c h l o r i d e 
R e a c t i o n s i n p h o s p h o r y l c h l o r i d e have the advantage o v e r t h o s e 
c a r r i e d out i n t h i o n y l c h l o r i d e b e c a u s e the l a t t e r p a r t i c i p a t e s i n 
s i d e r e a c t i o n s w i t h S^N^. The d i s c o v e r y t h a t S^N^ was u n a f f e c t e d 
by p h o s p h o r y l c h l o r i d e up to 80°C meant t h a t r e a c t i o n s s u c h a s 
S 4 * V S 0 2 C 1 2 + S n C 1 4 — 3 - * (S^N^) + ( S n C l 6 ) . " + S 0 2 
c o u l d be t r i e d i n an a t t e m p t to produce the new IOTT ( S ^ N ^ ) 2 + c a t i o n . 
F o u r p r o d u c t s were c h a r a c t e r i s e d from t h i s r e a c t i o n :- (POCLj ) 2 . S n C l ^ , 
( S ^ N ^ ) 2 . S n C l 4 , ( S 5 N 5 ) ( S n C l 5 . O P C l 3 ) and S ^ . P O C l ^ S n C l ^ . 
The a d d u c t ( S ^ N ^ ) 2 . S n C l ^ was the f i r s t to be p r e c i p i t a t e d from 
the s o l u t i o n t o g e t h e r w i t h the t r a n s p a r e n t c r y s t a l s o f ( P 0 C 1 3 ) 2 . S n C l ^ 
w h i c h removed the r e s t o f the S n C l ^ from s o l u t i o n . The a d d u c t 
( S ^ N ^ ) 2 . S n C l ^ was found to be u n a f f e c t e d by b o i l i n g P 0 C 1 3 i n a 
s e p a r a t e e x p e r i m e n t . S i n c e s u l p h u r y l c h l o r i d e i s known to r e a c t 
w i t h SjjN^ to g i v e ( S N C l ) . ^ ^ , t he c o o r d i n a t e d S^N^ was p r o b a b l y 
c h l o r i n a t e d by the SOgClg to form an o l i g o m e r o f NSC1 o r p e r h a p s 
S N C I (as v e t unknown), w h i c h remains c o o r d i n a t e d to SnCli,. 
k k 2 v 
Rearrangement t h e n t a k e s p l a c e i n v o l v i n g s o l v e n t P 0 C 1 3 w h i c h e n t e r s 
the a n i o n . The o v e r a l l r e a c t i o n i s : 
2£S^N 2 | + S 0 2 C 1 2 + 2 S n C l f + + 2P0C1 3 > 2( S N j ) ( S n C l 5 O P C l 3 ) + S 0 2 f 
S i n c e t h i s p r o d u c t was a l s o i s o l a t e d from ( S N C l ) 3 , S n C l ^ and P 0 C 1 3 
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i t seems t h a t any r a t i o o f SN- and SNC1 w i t h S n C l ^ i n POCl^ w i l l 
y i e l d t h e most i n s o l u b l e s a l t , ( S,-N5) ( S n C l ^ . OPCl^) . 
The r e a c t i o n a l s o y i e l d e d S^N^.POCl^.SnCl^ w h i c h i s a new 
adduct w h i c h has s i m i l a r i t i e s i n i t s i n f r a - r e d s p e c t r u m to b o t h 
( S ^ N ^ ) 2 . S n C l ^ and ( P O C l ^ ) 2 > S n C l ^ ( t a b l e 7 . 3 ) . O t h e r p o s s i b l e s i d e 
r e a c t i o n s i n v o l v e the f o r m a t i o n o f the ( S N C l ) ^ . P O C l ^ . S n C l ^ a d d u c t 
o r ( S ^ N ^ ) ( S n C l g ) but t h e s e were e i t h e r not formed o r consumed 
d u r i n g the r e a c t i o n . 
T a b l e 7 . 5 shows a l l p o s s i b l e 2-.1 a d d u c t s of ( C l ) ~ , P O C l ^ and 
S 4 N 4 w i t h S n C l ^ . With the f o r m a t i o n o f the two new s p e c i e s 
S^N^.POCl^.SnCl^ and ( S n C l ^ . O P C l ^ ) " , o n l y one s p e c i e s , (S^N^.SnCl,.)", 
r e m ains to be s y n t h e s i s e d to complete the t a b l e . 
T a b l e 7.5 
P o s s i b l e 2 :1 a d d u c t s o f ( C l ) ~ , P OCl^ and S^N^ w i t h S n C l ^ . 
( c i ) ~ P O C I 3 S|,N; 
( c i ) - ( S n C l 6 ) 2 ' 
P O C I 3 ( P 0 C l 3 . S n C l 5 ) " ( a ) ( P O C l 3 ) 2 . S n C l u ( b ) 
S 4 N 4 ( S u N v S n C l 5 ) " ( c ) S u N 2 + . P 0 C l 3 . S n C l 4 ( a ) ( S 4 N 4 ) 2 . S n C l 4 (d) 
( a ) T h i s work. 
(b) Ref . 4 0 1 and t h i s work. 
( c ) Compound unknown. 
(d) Ref. 264-and t h i s work. 
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e) The s t r u c t u r e and b o n d i n g i n ( S ^ N ^ ) ( S n C l ^ . O P C l ^ ) . 
The X - r a y c r y s t a l s t r u c t u r e was c a r r i e d out by Ra.yment and 
S h e a r e r 6 1 and was found to c o n s i s t o f d i s c r e t e (s_N_) + c a t i o n s 
5 5 
and ( S n C l ^ . O P C l ^ ) " a n i o n s and t h e s e w i l l be d i s c u s s e d s e p a r a t e l y , 
Bond d i s t a n c e s and a n g l e s a r e g i v e n i n t a b l e s 7.6 and 7.7. 
The (S^N,,)* c a t i o n . 
The c a t i o n w h i c h c o n s i s t s o f a ten-membered r i n g o f a l t e r n a t i n g 
s u l p h u r and n i t r o g e n atoms ( F i g u r e 7.1), i s a l 4 r r - e l e c t r o n member 
8 3 
of t h e s e r i e s o f a r o m a t i c t h i a z e n e s . The bond d i s t a n c e s and 
a n g l e s a r e v e r y s i m i l a r to t h o s e o f the c a t i o n i n (S^N^)(S^N^O^) 
I n b o t h (S^N^) (S^N^O^) and ( ( S n C l ^ O P C l ^ ) t h e r e i s l e s s 
v a r i a t i o n i n S-N bond d i s t a n c e s and i n n i t r o g e n a n g l e s t h a n i n 
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( S 5 N 5 ) ( A 1 C 1 4 ) ; the mean v a l u e s a l s o d i f f e r s i g n i f i c a n t l y ( t a b l e 7.8). 
T a b l e 7.8 
Some bond d i s t a n c e s ( p m ) and bond angles(°) i n ( S e N e ) + s a l t s . 
( S 5 N 5 ) ( A 1 C 1 2 | ) ( S 5 N 5 ) ( S 3 N 3 0 U ) ( S 5 N ^ ) ( S n C l 5 . O P C l 3 ) 
R e f . I l l Ref.52 Ref.61 
SN bond l e n g t h s 146.5-159.0 154.3-158.0 149.7-158.7 
( a v . v a l u e ) 153.9 156.0 155.8 
N a n g l e 129-177 133-151 132-153 
( a v . v a l u e ) 151.9 142. 4 142.6 
The d i f f e r e n c e between a o r a' and b ( F i g u r e 7.2) cannot be 
e x p l a i n e d by i n t e r m o l e c u l a r f o r c e s s i n c e t h e s e a r e i n s i g n i f i c a n t 
112 
b e c a u s e t h e r e a r e no s h o r t c o n t a c t s between c a t i o n and a n i o n 
The second e x p l a n a t i o n o f d i s o r d e r i n the c r y s t a l s t r u c t u r e o f 
(S^Nj.) ( A l C l ^ ) i s d i s c u s s e d f u l l y i n C h a p t e r 1. 
- 1 6 1 -
N 158.1 158.7 
131.5 
111.1 109.9 
U 9 . 7 153.5 










S 5 N 5 + 
Figure 7.1 
The ( S ^ N 5 ) + c a t i o n found i n (S N )(SnCl_P0C1_) 
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Table 7.6 
Bond d i s t a n c e s (pm) and t h e i r estimated standard d e v i a t i o n s (pm x 10) 
f o r (S-N )(SnCl_0PCl„) 
Sn 01(1) 237.0( k) 
Sn C l ( 2 ) 237.8( *0 
Sn c i ( 3 ) 238.8( k) 
Sn ci(U) 2k0.k( k) 
Sn ci(5) 2k0.6( k) 
Sn 0 227.1(1.0) 
P c i (6) 191.3( 7) 
P ci(7) 193.2( 7) 
P Cl(8) 195.3( 6) 
P 0 1^6.2(1.1) 
s ( i ) - N ( l ) 156.3(1.5) 
s(D - N(5) 156.7(1.*0 
S(2) - N ( l ) 155.3(1.5) 
S(2) - N(2) 156.8(1.2) 
s(3) - N(2) 153.5(1.3) 
s(3) - H(3) 158.7(1.3) 
s (M - N(3) 158.1(1.h) 
s(k) - N(U) 11*9.7(1.M 
s(5) - N(<0 155.7(1.3) 
s(5) - N(5) 156.6(1.4) 
- 1 6 3 -
Table 7.7 
Bond Angles (degrees) with t h e i r estimated standard d e v i a t i o n s 
2 I I P (deg x 10 ) f o r (S N ) (SnCl O P C l J 
01(1) - Sn - 01(2) 96.oo(l4) 
01(1) - Sn - 01(3) 96.85(14) 
ci(D - Sn - ci(4) 92.63(14) 
ci(i) - Sn - ci(5) 95.94(14) 
ci(i) - Sn - 0 176.06(28) 
01(2) - Sn - ci(3) 89.39(14) 
01(2) - Sn - ci(4) 171.30(14) 
01(2) - Sn - ci(5) 88.97(14) 01(2) - Sn - 0 87.85(27) 
01(3) - Sn - ci(4) 90.66(13) 
01(3) - Sn - 01(5) 167.21(14) 
01(3) - Sn - 0 84.02(27) 
ci(4) - Sn - 01(5) 89.06(13) 
ci(4) - Sn - 0 83.51(27) 
ci(5) - Sn - 0 83.25(27) 
01(6) _ P - 01(7) 106.16(36) 
01(6) - P - 01(8) 106.04(32) 
ci(6) - P - 0 115.67(50) 
01(7) - P - 01(8) 104.59(33) 
01(7) - P - 0 112.31(50) 01(8) P - 0 111.27(48) 
N ( l ) — S ( l ) - N(5) 124.64(76) 
N ( l ) - S(2) - N(2) 110.09(72) N(2) - s(3) - N(3) 109.92(71) 
N(3) - s(4) - N(4) 111.09(74) 
N(4) - s(5) - N(5) 112.63(70) 
Sn - 0 - p 147.29(64) 
S ( l ) — N ( l ) - S(2) 148.08(1.02) 
3(2) - N(2) - S(3) 135.50(83) 
s(3) - N(3) - s(4) 131.46(93) 
S(4) - N ( 4 ) - s(5) 146.10(91) 
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Figure 7. 2 
52 The S N c a t i o n s i n (a)(S eN K)(S oN„0.) 
(a') (S^^) ( S n C l 5 O P C l 3 ) 
( b ) ( S 5 N 5 ) ( A l C l 4 ) l i : L 






C l 8 CI 5 
C l 2 CI 
CI 7 
[ S n C I 5 P O C I 3 ] 
Figure 7.3 
The (SnCl P0C1 ) ~ anion found i n (S N ) ( S n C l P O C l J 
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The (SnCl^.OPCl^)" anion. 
The anion c o n s i s t s of a c e n t r a l t i n atom coordinated to f i v e 
c h l o r i n e atoms and a POCl^ molecule, as shown i n Figure 7.3. The 
most i n t e r e s t i n g f e a t u r e s i n the io n concern the coordination of 
the POCl^ l i g a n d and i t s e f f e c t on the r e s t of the anion. The Sn-0 
dis t a n c e of 227(l)pm i s longer than the s i n g l e bond d i s t a n c e of 
309 
211pm c a l c u l a t e d from Paulings covalent r a d i i but i s the same, 
w i t h i n experimental e r r o r , as the mean value found i n (POCl^)^.SnCl^ 
(228(3)pm)^ 0 5. The Sn-O-P angle (l47.3(6)°) a l s o does not d i f f e r 
s i g n i f i c a n t l y from the angle a t oxygen i n ( P O C l ^ ) 2 . S n C l ^ 
( 1 ^ 8 . 2 ( 2 . 7 ) 0 ) 2 * 0 5 or the Sb-O-P angle i n the i s o e l e c t r o n i c 
POCl^.SbCl^ (1^5.0(1.6)°)^° 6. The P-0 d i s t a n c e of lU6(l)pm, does 
not d i f f e r s i g n i f i c a n t l y from that found i n f r e e POCl^ (ihk.8(5)pm) 
and i s the same w i t h i n experimental e r r o r as that i n ( P O C l ^ ) ^ SnCl^ 
(l45(5)pm) 2* 0 5 and P O C l ^ S b C l ^ (l ^ 7 ( 2)pm) /*° 6. 
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CHAPTER 8 
T h e o r e t i c a l Considerations of S t r u c t u r e and Bonding i n > 
Some C y c l i c Sulphur-Nitrogen Species 
I n t r o d u c t i o n 
I n the l a s t chapter, the p l a n a r s p e c i e s , ( S ^ N ^ ) + , ( S ^ N ^ ) 2 + and 
( S ^ N ^ ) + were described as aromatic HVickel s p e c i e s obeying the 
(kn • 2)-rT-electron r u l e . The concept of expanding the aromatic 
area to i n c l u d e "pseudoaromatic" (S^NgCl)* and "quasiaroraatic" 
( S N C l ) ^ and (SNOCl)^ was introduced. I n t h i s chapter the s t r u c t u r e 
and bonding of these molecules have been i n v e s t i g a t e d t h e o r e t i c a l l y 
T h e o r e t i c a l 
Most t h e o r e t i c a l i n v e s t i g a t i o n s of sulphur compounds up to 1969, 
concentrated on the ir-bonding between d i v a l e n t sulphur and carbon 
but there was l i t t l e agreement between v a r i o u s workers as to the 
importance of d - o r b i t a l p a r t i c i p a t i o n . T h i s disagreement i s not 
s u r p r i s i n g s i n c e the procedures used (mainly Huckel and PPP-TT-SCF-MO) 
are u n s u i t a b l e f o r e s t a b l i s h i n g the extent to which d - o r b i t a l s are 
invol v e d because the l a r g e number of parameters whose values must 
be estimated, are c r u c i a l to d e r i v i n g o r b i t a l occupation numbers. 
The problem can only be solved by non-empirical quantum mechanical 
treatments 
"Ab i n i t i o " treatments of molecules of t h i s s i z e have only 
been c a r r i e d out f o r SgNg by C o l l i n s and Duke^ 0^ who found that the 
presence of d - o r b i t a l s on sulphur was c r u c i a l l y important f o r 
410 
p r e d i c t i n g good geometries and J a f r i et a l who employed d - o r b i t a l s 
on sulphur and found that SgNg was a 6TT system. 
For l a r g e r molecules the best approximation to date i s the 
semi-empirical a l l valence e l e c t r o n SCF MO treatment. Where 
comparisons w i t h non-empirical treatments are a v a i l a b l e , i t has been 
shown that t h i s method tends to overestimate the extent of d - o r b i t a l 
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involveraent because I t uses them as p o l a r i s i n g f u n c t i o n s ^ , due 
to the l i m i t a t i o n s of the b a s i s s e t . I t i s f o r t h i s reason that 
the c a l c u l a t i o n s have been c a r r i e d out, where p o s s i b l e , both with 
and without the use of d - o r b i t a l s . 
Charge D i s t r i b u t i o n s 
Knowledge of the charge d i s t r i b u t i o n i n these s p e c i e s i s 
important not only as a guide to the r e a c t i v i t y of the rings but 
4 l l 
a l s o to see whether Dewar ' s i s l a n d model can be appli e d to these 
systems. Table 8.1 gives the geometrical parameters and the 
c a l c u l a t e d charges both with and without d - o r b i t a l s on sulphur. 
Table 8.1 
Geometrical parameters and charges f o r sulphur-nitrogen s p e c i e s . 
(S^N^)*, w i t h d - o r b i t a l s 1 1 0 (parameters from (S^N^) (NO^) ^ 1 2 ) 
Charge d i s t r i b u t i o n 
s l +0.05 S7 +0.03 
-o.ok N6 +0.01 







- 1 6 9 -
( S ^ N ^ ) + without d - o r b i t a l s (averaged parameters from (S^N^) 2 ( SbCl^) ) 
Charge d i s t r i b u t i o n 
S1' S7 •o. 29 
N 2,N 6 -0.03 




( S ^ N 5 ) + (averaged parameters from (S^N^)(S^N^O^) 5 ) 
Charge d i s t r i b u t i o n 
With d - o r b i t a l s Without d - o r b i t a l s 
-0.21 N l -0. 28 
+0.30 S2 , S10 + 0.40 
-0.02 N 3,N Q -0.07 
+0. 38 s4 ,Sg +0.43 
-0.16 N 5 ,N? -0.37 
+0.19 36 +0.49 
S , o / 1 0 8 7 
1330 
1580 
1 3 8 3 ( U 
1556 
J 54-3 
- 1 7 0 -
( s i l N 4 ) 2 + (A) (parameters from ( S^N^) ( SbFg) ( S b j F ^ ) 1 2 ° ) 
Charge d i s t r i b u t i o n 
With d - o r b i t a l s Without d - o r b i t a l s 
•0. 64 S l ' S5 +0.72 
-0.12 N2 • N6 -0. 29 
+0.63 S3 ' S7 +0.72 
-0.14 N 4 ,N8 -0.15 
( S2* N4) 2 + ( B ) (parameters from ( S ^ ) ( SbFg) ( Sb f l k ) 12°) 
Charge d i s t r i b u t i o n 
With d - o r b i t a l s Without d - o r b i t a l s 
+0.63 S l ' S5 +0.65 
-0.11 N 2 >N6 - o . 14 
+0.60 S3 ' S7 +O.67 







(S^NgCl)* (parameters from (S^NgCl) ( F e C l ^ ) 6 i + ) 
Charge d i s t r i b u t i o n 
With d - o r b i t a l s Without d - o r b i t a l s 
Ref 110 T h i s t h e s i s T h i s t h e s i s 
•0.18 -0.01 C 1 l +0.01 
•0.12 +0. 58 S2 +0. 51 
+0.24 +0.25 S3 +0. 29 
+0.02 -0. 22 N4 +0.01 
+0.76 +0.43 S5 +0. 51 
-0.32 -0.03 N6 -0.33 
( S N C 1 ) 3 5 3 
Charge d i s t r i b u t i o n 
T h i s 
t h e s i s Ref 81 Ref 78 T h i s t h e s i s 
-0.09 -0.10 -0.18 C 1 l -0.16 
+0. 36 +0.33 +0. 38 S2 +0.52 
-0.24 -0. 23 -0.20 N 3,N 9 -0.35 
+o. 35 +0.33 +0.38 s4' s7 +0.47 
-0.12 -0.10 -0.18 c i 5 , c i 8 -0.19 
-0.26 -0.23 -0. 20 N6 -0.35 




Charge d i s t r i b u t i o n 
With d - o r b i t a l s Without d - o r b i t a l s 
Ref 81 Ref 78 Ref 80 T h i s t h e s i s 
+0. 42 +0.68 + 0. 42 + 1.05 31,2,3 
-0. 20 -0.25 -0. 20 -0.46 N7,8,9 
-0.03 -0.16 -0.03 -0.17 C 14,5,6 
-0.19 -0.27 -0.19 -0.42 °10,11,12 
T h i s 





The net atomic charges on the r i n g atoms i n a l l cases are 
quite d i f f e r e n t from zero, the n i t r o g e n atoms are generally-
negative whereas the sulphur atoms are p o s i t i v e . 
The r e s u l t s are i n e x c e l l e n t agreement with those of the 
other workers except i n the case of (S^NgCl)* where Adams et a l ^ ^ 1 
found a high p o s i t i v e charge (+0.76) on but not S^. The computer 
c a r r i e s out an i t e r a t i v e process which terminates when the d i f f e r e n c e 
i n e l e c t r o n i c energy between each process i s l e s s than the converg-
ence l i m i t . By s e t t i n g a convergence l i m i t of 0.001 a. u./mol 
(divergence problems occurred below t h i s value) we 
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were able to repeat the r e s u l t s of Adams et a l 110 and 
found that the energy had passed the minimum (B) and stopped 
at ( C ) . By using a convergence l i m i t of 0.003 u./mol we 
were able to stop the process at (B), the point of minimum 
e l e c t r o n i c energy, ( F i g . 8.1). 
Energy 
a. u./moli 
The charge d i s t r i b u t i o n thus obtained was more c o n s i s t e n t 
with the a d d i t i o n of an ( C I — S ^ ) + group to the SgNg r i n g 
(Chapter 7) and had the p o s i t i v e charge s i t u a t e d on the three 
coordinate sulphur (S.,) &s expected. 
The c a l c u l a t i o n s with d - o r b i t a l s f o r (S^N^)" 4 , show that the 
p o s i t i v e charge i s l o c a t e d e s s e n t i a l l y on S_ and S_ whereas the 
nit r o g e n atoms are approximately n e u t r a l . However the c a l c u l a t i o n s 
without d - o r b i t a l s point to a considerable negative charge on 
which suggest that canonical forms such as ( l ) must be important 







Th e r e s u l t that one ni t r o g e n atom i s more negatively-
charged than the other two i s compatible with the "*"^N nrar data^ 1"^. 
I n ( S ^ N ^ ) + the p o s i t i v e charge i s e x t e n s i v e l y d e l o c a l i s e d over 
a l l sulphur atoms i n both c a l c u l a t i o n s and a l l the nitrogen atoms 
except the r e e n t r a n t atoms ca r r y negative charges. The two 
2+ 
s t r u c t u r e s of (S^N^) bear s i m i l a r charges:- l a r g e p o s i t i v e 
charges on the sulphur atoms and small negative charges on the 
nitrogens. S t r u c t u r e (A) has a more negative e l e c t r o n i c energy 
by 0.3 a. u./mol, i n d i c a t i n g a more s t a b l e s t r u c t u r e than 
s t r u c t u r e ( B ) . 
The charge d i s t r i b u t i o n s i n ( S N C l ) ^ and (SNOCl)^ are very 
s i m i l a r to those i n cyclophosphazenes and support the v a l i d i t y 
of Dewar*s model f o r c y c l o t h i a z e n e s s i n c e the charges are so 
l a r g e that they c a n c e l any p o s s i b i l i t y f o r the TT-electrons to give 
r i s e to a r i n g c u r r e n t ^ . 
Eigenvalues and Eigenvectors. 
The eigenvalues and eigenvectors confirm the 10ir e l e c t r o n 
nature of (S^N^)*, ( S ^ N ^ ) 2 + ( A and B) and the 14-rT e l e c t r o n nature 
of (S^N^) + . The pseudo 6if e l e c t r o n c h a r a c t e r of ( S ^ N 2 C l ) + i s 
a l s o confirmed. With (S N C l ) ^ and (SNOCl)^ however, there i s a 
great d e a l of overlap between both the c h l o r i n e and oxygen atoms 
and the sulphur o r b i t a l s i n the S^N^ r i n g s . Taking the case 
of (SNCl)» as an example, the three c h l o r i n e P o r b i t a l s overlap 
with the sulphur o r b i t a l s and so the concept of a 6iT e l e c t r o n 
P system becomes meaningless, s i n c e p a r t i t i o n of the P charge z z 
between S and CI i s impossible. 
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Table 8.2 
Compound ' I o n i s a t i o n pot e n t i a l eV. E l e c t r o n A f f i n i t y eV. 
no d - o r b i t a l s d - o r b i t a l s no d - o r b i t a l s d - o r b i t a l s 
( S ^ ) 2 + ( B ) 21.34 21.69 12.66 14.76 
(ShUh)2+(A) 21.15 21.59 12.27 14.44 
( S 3 N 2 C 1 ) + 17.24 18. 21 6.81 9.55 
( S 4 N 3 ) + 15.37 * 15.7 5.97 8.16 
(SN0C1) 3 13.49 14.41 1.03 1.95 
( S 5 N 5 ) + 12 .48 14. 42 5.33 7.08 
(SNC1) 3 11.55 13.10 - 0.26 0. 34 
* r e f . 110 
The c a l c u l a t e d i o n i s a t i o n p o t e n t i a l s are l i s t e d i n order 
i n Table 8.2. I t i s i n t e r e s t i n g t h a t the p o s i t i v e l y charged 
s p e c i e s ( S ^ N ^ ) + has a comparable i o n i s a t i o n p o t e n t i a l with 
(SNOCl)^ and (S N C l ) ^ of which the l a t t e r can be i o n i s e d with 
SbClg I t should t h e r e f o r e be p o s s i b l e to i o n i s e (S N _ ) + to 
2+ 
the r a d i c a l (S_N-) with s u f f i c i e n t l y s trong Lewis a c i d s . 
The e l e c t r o n a f f i n i t i e s are i n a s i m i l a r order except 
(S^Nj.) + has a higher e l e c t r o n a f f i n i t y than (SNOCl)^ because of 
i t s p o s i t i v e charge. The negative e l e c t r o n a f f i n i t y of (SNCl)^ 
(-0.26 eV) would e x p l a i n why no Lewis base adducts of ( S N C l ) ^ 
are known, whereas those of (SNOCl)^ \*ith an e l e c t r o n a f f i n i t y of 
+ 1.03 ©V have been i s o l a t e d 
Bond Overlap Populations. 
352. 
I n a zero d i f f e r e n t i a l overlap treatment, the bond overlap 
populations are misleading as measures of i n t e r a c t i o n s between 
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p a i r s of atoms. A more r e l i a b l e parameter i s the p a r t i t i o n e d 
bond overlap population (PBOP)' defined as the product of the 
415 
e l e c t r o n density matrix with the bond overlap matrix . T h i s 
parameter i s s i m i l a r to bond order but i s much more c l e a r l y 
defined. 
D i r e c t l y Bonded Atoms. 
a.) Sulphur - Sulphur. 
Unfortunately the c a l c u l a t i o n s f o r (S^N^) with d - o r b i t a l s 
d i d not converge but previous c a l c u l a t i o n s by Adams et a l ^ ® 
have shown considerable ir-bonding between the adjacent sulphur 
atoms. I n (S^NgCl)* which has a longer S - S bond length (218 .1 pm 
compared with 206.6 pm i n (S ^ N ^ ) * ) , the c a l c u l a t i o n s ( d - o r b i t a l s 
included) demonstrated that there i s s t i l l a p p reciable S - S TT-
bonding at t h i s d i s t a n c e ( rr PBOP = 0.1035, t o t a l PBOP = 0.7306). 
C a l c u l a t i o n s without d - o r b i t a l involvement f o r (S^N^)* give the Tf— 
component of the PBOP as ~ 10$ of the t o t a l . T h i s TT-component 
i s of the same order as cro s s r i n g S - S bonding i n (S^NgCl)*, 
( S N C l ) ^ and (SNOCl)^ and hence makes a s i g n i f i c a n t c o n t r i b u t i o n 
to S - S bond strength. 
b) Sulphur - Nitrogen Bonds. 
The c o r r e l a t i o n s between SN bond length and PBOP both with 
and without d - o r b i t a l s , are shown i n f i g u r e 8.2 and l i s t e d i n 
Table 8.3. These c o r r e l a t i o n s i n d i c a t e that p a r t i t i o n e d bond over-
l a p i s a reasonable i n d i c a t i o n of the extent of bonding i n t e r a c t i o n 
i n these systems. 
- 1 7 7 -
T a b l e 8 .3 
P a r t i t i o n e d Bond O v e r l a p P o p u l a t i o n s . 
Bonds. SN Bond 
l e n g t h pm. 
PBOP w i t h o u t 
d - o r b i t a l s . 
SN Bond 
l e n g t h pm. 
PBOP w i t h 
* 
d - o r b i t a l s . 
S 1 " N 2 156. 4 0.70 154.9 1.07 
N 2 " s 3 15*1.9 0 .73 155.0 1.06 
157.7 0 . 6 4 157.9 1.05 
N 4 - S 5 157.7 0 . 6 4 154. 4 1.09 
S 5 ' N 6 15^.9 0 .73 149.3 1.18 
V S 7 156.4 0.70 158. 2 1.03 
Bonds. SN Bond PBOP 
l e n g t h pin. W i t h o u t d - o r b i t a l s . W i t h d - o r b i t a l s . 
N 1 " S 2 ' sio-Ni 158.0 0 .66 1.03 
S 2 - N 3 , Vsio 1 5 5 •6 0.70 1.07 
V S 4 < S 8 - N 9 154 .3 O.69 1 .08 
w N 7 " S 8 156.7 O.69 0 .99 
N 5 " S 6 ' S 6 " N 7 156.4 0 .69 
1.11 
( S U N U ) 2 + (A) 
S l - N 2 ' S 5 " N 6 154.0 0 .72 1.11 
N 2 - S 3 , N 6 " S 7 154.0 0 .72 
1.10 
S 3 - N v S 7 " N 8 155.0 0 .72 1.10 
N 4 " S 5 ' N 8 " S 1 155.0 
0^72 1.10 
R e f . 110 
- 1 7 8 -
Bonds. SN Bond 
l e n g t h pm, 
S l - N 2 ' S 5 " N 6 
N 2 - S 3 , N 6 - S 7 
S 3 - N 4 , S ? - N 8 
N U - S 5 , N 8 - S ; L 
S 2 - N 6 
N 6 - s 5 
VN4 154.6 
N 4 " s 3 158.6 
S 2 - N 3 , S 2 " N 9 161.4 
w S 7 " N 6 160.2 






W i t h o u t d - o r b i t a l s . 
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0 .98 
1 . 08 
- 1 7 9 -
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pm SN 
F i g u r e 8 .2 
The graphs o f PBOPs ve r sus d t o p l i n e ( w i t h d - o r b i t a l s ) axtd pm SN 
b o t t o m l i n e ( w i t h o u t d - o r b i t a l s ) 
- 1 8 0 -
O v e r l a p w i t h t h e N i t r o g e n 2s O r b i t a l . 
The p a r t i t i o n e d bond o v e r l a p p o p u l a t i o n (PBOP) o f t h e 
n i t r o g e n 2s o r b i t a l a f f o r d s i n d i r e c t i n f o r m a t i o n abou t t h e 
h y b r i d i s a t i o n o f the r e l e v a n t l o n e p a i r o r b i t a l s as f o l l o w s 
( 1 ) W i t h o u t d - o r b i t a l s , i f the n i t r o g e n atom employed sp o r b i t a l s 
t o two s u l p h u r atoms t h e bond a n g l e w o u l d be 1 8 0 ° and t h e PBOP 
i n v o l v i n g t he 2s o r b i t a l on n i t r o g e n wou ld be l a r g e and the l o n e 
p a i r p u r e p i n c h a r a c t e r . W i t h t h e bond a n g l e a t 1 2 0 ° , t he 
2 
n i t r o g e n atom w o u l d employ sp o r b i t a l s and the PBOP i n v o l v i n g 
t h e 2s o r b i t a l on n i t r o g e n w o u l d be s m a l l e r and t h e l o n e p a i r 
2 
w o u l d a l s o be sp . There i s no o v e r l a p o f t h e s u l p h u r p o r b i t a l s 
w i t h t h e l o n e p a i r on n i t r o g e n and t h e r e s h o u l d be a r e l a t i o n s h i p 
between N and the PBOP o f t he 2s o r b i t a l on n i t r o g e n ; t h i s i s 
i n f a c t t h e case ( T a b l e 8 . k , f i g . 8 . 3 ) . 
( 2 ) W i t h i n c l u s i o n o f d - o r b i t a l s t he s i t u a t i o n becomes c o m p l i c a t e d 
s i n c e t h e r e w i l l n o t o n l y be a d d i t i o n a l N ( s p x ) - S (d ) bond o v e r -
2 
l a p i n b o t h cases b u t a l s o N(sp ) l o n e p a i r - S(d) bond o v e r l a p 
i n t he 1 2 0 ° case ( -jr' b o n d i n g ) . The f a c t t h a t t he r e l a t i o n s h i p 
be tween N and t h e PBOP s t i l l h o l d s w i t h t h e i n c l u s i o n o f d - o r b i t a l s 
( f i g . 8 . h ) s e rves t o s t r e n g t h e n t h e assumpt ions made i n C h a p t e r 1 
t o e x p l a i n t he SNS - d r e l a t i o n s h i p . 
SN 
I n Chap te r 1 t he t e r m ' s t r a i n e d ' was used f o r t h e n i t r o g e n 
atoms i n (SNOCl)^ and ( S ^ N g C l ) * and t h e r e - e n t r a n t n i t r o g e n atoms 
o f (S^Nj.) + . H e r e , i n b o t h c a l c u l a t i o n s f o r t hese s p e c i e s , we 
f i n d t h a t t he PBOPs a re too l a r g e f o r t h e o b s e r v e d a n g l e , i . e . 
t hese n i t r o g e n ang les have been reduced by r i n g s t r a i n . 
- 1 8 1 -
T a b l e 8 . 4 
P a r t i t i o n e d Bond O v e r l a p P o p u l a t i o n s f o r 
the 2s O r b i t a l on N . 
Compound Atom SNSU PBOPs f o r 2s o r b i t a l on N . 
W i t h o u t d - o r b i t a l s w i t h d - o r b i t a l s . 
( S U N 3 ) + N 2 , N 6 1^7.5 0 . 48 -
N 4 137 . 2 0 . 4 2 -
( S 5 N 5 ) + 0 N l 133 .0 0 . 40 0 . 67 
N 3 , N 9 138.3 0. 49 0 . 7 2 
151.0 0 .47 0 . 70 
( S h N k ) Z + ( A ) N 2 , N g 150 .0 0 . 49 0 .75 
N 4 ' N 6 151.0 0 . 49 0 .74 
( S ^ ) 2 + ( B ) N 2 . , N 6 l 4 l . O 0 . 4 2 0.69 
N U , N 8 145 .0 0 . 4 3 0 .70 
( S 3 N 2 C 1 ) + N 4 121 . 5 - 0 .65 
N 6 119.6 - 0 .63 
( S N C 1 ) 3 N 3 , N Q 123.0 0 . 28 O .60 
N 6 124 .9 0 . 30 0 . 6 1 
( S N O C l ) 3 N 7 , N Q 120 . 9 0 . 3 3 0 .65 
N 8 119.5 0 . 3 4 0 . 66 
- 1 8 2 -
o o 
150 
S N S ° 
F i g u r e 8 .3 
The graphs o f t he sura o f t he PBOP on the N o r b i t a l ve r sus t he N a n g l 
Top l i n e ( w i t h d - o r b i t a l s ) and b o t t o m l i n e ( w i t h o u t d - o r b i t a l s ) . 
" + " denotes compounds d e s c r i b e d as " v i r t u a l l y u n s t r a i n e d " i n C h a p t e r 1 
"o" denotes compounds d e s c r i b e d as " s t r a i n e d " i n Chap te r 1 and 
r e f e r s t o t h e r e - e n t r a n t N atoms i n S„N.- + a l s o d e s c r i b e d as 
5 5 
s t r a i n e d . 
- 1 8 3 -
T a b l e 8 .5 
P a r t i t i o n e d Bond O v e r l a p P o p u l a t i o n s f o r 3 - 3 Bonds 
M o l e c u l e I n t e r a c t i o n o SNS D i s t a n c e PBOP 
(pm) W i t h 
d - o r b i t a l s 
W i t h o u t 
d - o r b i t a l s 
( S 3 N 2 C 1 ) + s 3 - s 5 121. 5 273 0.059 
V S 2 119.6 275 0 .05^ -
( S U N 3 ) + S -S * 5 7 153.3 299 0 . 028 — 
S l " s 3 151.5 300 0 . 028* -
s 3 - s 5 13h.h 288 0.037* -
S 3 " S 5 ' S l - S 3 1^7.5 299 - - 0 . 0 0 6 
S 5 - S ? 137.2 29 k - -0 .001 
( S 5 N 5 ) + 138.3 290 0.031 - 0 . 0 0 9 
V S 6 151.0 303 0 . 018 - 0 . 0 0 5 
S 2 - s i o 133.0 286 0.035 - 0 . 0 0 1 
( S N C 1 ) 3 S 2 " S U ' S 2 " S 7 123.0 282 0.058 +0.006 
V S 7 12k.9 285 0.059 +0.005 
(SN0C1) 3 s 2 ~ s 3 119.5 271 0 .058 +0.005 
S 1 " S 3 ' S 1 " S 2 120.9 27U 0.059 +0.005 
( S A ) 2 + ( A ) S l - S 3 151.0 298 0 .023 - 0 . 0 0 5 
S 3 " S 5 150.0 299 
0 .022 - 0 . 0 0 5 
( S ^ ) 2 + ( B ) V S 3 l f c l . O 297 0 .032 - 0 . 0 0 2 
s 3 - s 5 1^5.0 300 0.027 - 0 . 0 0 2 







F i g u r e 8 .4 
The graphs o f S - S PBOP a g a i n s t N a n g l e : -
and b o t t o m l i n e ( w i t h o u t d - o r b i t a l s ) . 











F i g u r e 8 .5 
The graphs o f S - S PBOP a g a i n s t S - S d i s t a n c e ( p m ) . 
Top l i n e ( w i t h d - o r b i t a l s ) and b o t t o m l i n e ( w i t h o u t d - o r b i t a l s ) . 
- 1 8 7 -
2. Long Range I n t e r a c t i o n s . 
Many S - S d i s t a n c e s i n these s p e c i e s a re cons ide r ab ly -
s h o r t e r t h a n t h e sum o f t h e van de Waa l s ' r a d i i and the p resence 
o f t r a n s a n n u l a r S - S b o n d i n g may d e t e r m i n e t he p r e f e r r e d 
c o n f o r m a t i o n o f these s t r u c t u r e s . I n t h e c a l c u l a t i o n s w i t h 
d - o r b i t a l s e x c l u d e d t h e PBOPs a re s m a l l and n e g a t i v e f o r a r o m a t i c 
spec i e s and s m a l l and p o s i t i v e f o r ' q u a s i a r o m a t i c s 1 . When 
d - o r b i t a l s a re i n t r o d u c e d t h e PBOPs a re much l a r g e r and p o s i t i v e . 
( T a b l e 8 . 5 ) . The S - S b o n d i n g i s domina t ed by t h e c o n t r i b u t i o n s 
o f the rf-bonds, t h e i r - b o n d i n g b e i n g o v e r a l l a n t i b o n d i n g and t h e r e 
appears t o be a r e l a t i o n s h i p be tween t h e n i t r o g e n a n g l e o r S - S 
d i s t a n c e and the degree o f S - S b o n d i n g ( F i g u r e s 8 .4 and 8 . 5 ) . 
- 1 8 8 -
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